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INTRODUCTION 

The  presence  of  insect-borne  pathogens  of  vertebrates  and  the 
frequency  of  transmission  will  depend  on  the  relative  abundance  of 
vector  populations,  the  presence  of  suitable  numbers  of  their  vertebrate 
hosts  and  the  habits  and  longevity  of  the  arthropods  themselves.  Habitat 
availability,  host  availability  and  climate,  then,  are  all  key  factors 
in  the  transmission  of  these  pathogens.  The  rapid  changes  being  made 
in  tropical  forests,  and  their  conversion  to  open  areas  for  crop  and 
pasture,  dramatically  alter  these  factors. 

The  entomological  studies  represent  an  effort  to  document  some 
of  these  changes  as  they  relate  to  the  abundance  and  distribution  of 
hematophagous  Diptera.  The  Providencia  studies  were  conducted  in  primary 
and  secondary  forests  and  associated  clearings.  This  was  an  area  of  early 
ecological  disturbance.  The  Caucasia  area  is  one  of  great  disturbance. 

The  original  forest  is  nearly  gone,  having  been  replaced  by  extensive 
pastures.  These  changes  have  altered  populations  of  biting  insects,  and 
influence  the  potential  and  actual  risk  of  transmission  of  arthropod-borne 
pathogens  of  man  and  his  domesticated  animals. 
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THE  IIAN- BITING  ACTIVITY  OF  HAEMATOPHAGOUS  DIPTERA  IN  A 
NEOTROPICAL  RAIN  FOREST  ENVIRONl-lENT . 

ABSTRACT:  The  entomological  studies  in  the  Providencia  area 
were  designed  to  obtain  an  overall  view  of  man-biting  activity 
by  haenatophagous  Diptera  in  a rain  forest  environment.  A series 
of  biting  catches  of  approximately  10  hours  duration  during  the 
day  and  approximately  13  hours  duration  during  the  late  evening 
and  night  were  conducted  at  three  forest  sites  and  in  a clearing 
adjacent  to  one  of  the  forest  sites.  A considerable  amount  of 
information  about  the  man-biting  activity  of  the  Phlebotominae , 
Culicoides . Simulidae,  Tabanidae,  and  Culicidae  was  obtained 
especially  in  relation  to  nocturnal  and  diurnal  periodicity, 
seasonal  fluctuations  in  population  levels,  habitat  preferences, 
and  vertical  distribution. 

Although  subject  to  seasonal  variation,  human  biting 
acitivity  by  haematophagous  Diptera  was  most  intense  within  the 
forest  at  night  and  can  be  primarily  attributed  to  several  species 
of  Lutzomyia , of  which  L.  hartmanni  was  the  dominant,  and 
Culicoides  pseudodiabolicus , the  most  abundant  man-biting  species 
within  the  forest.  In  clearings  biting  activity  by  anthropo- 
philic  flies  was  greatest  during  the  day  due  to  relatively  large 
numbers  of  black  flies,  especially  Simulium  metallicum.  However, 
simuliids  were  often  infrequent  in  the  forests  while  mosquitoes, 
especially  the  arboreal  Haemagogus  capricorn!  falco,  and  in  the 
summer  tabanids,  particularly  Dichelacera  chocoensis . dominated 
the  biting  activity. 

Many  interesting  patterns  of  habitat  and  host  utilization 


were  elucidated. 
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In  the  forest  series  of  catches,  the  predominant  man-biting 
species  and  their  percentage  of  the  catch  were  Lutzomyia  hartmanni 
(56%) , L.  trapidoi  {12%) , and  L.  yuilli  (13%) . In  the  clearing 
series  of  catches  the  predominant  species  were  L.  Hartmanni  (56%) , 
L.  gomezi  (16%,),  L.  Yuilli  (9%,),  and  Warileya  rotundipennis  (9%). 

For  most  species,  both  the  magnitude  and  vertical 
stratification  of  their  man-biting  activity  tended  to  be 
quite  variable  between  the  three  forest  sites.  These 
differences  were  thought  to  be  related  to  local  variations 
in  forest  structure.  Between-site  differences  in  the  magni- 
tudes of  biting  activity  .were  least  pronounced  in  the  under- 
story. L.  trapidoi,  and  to  a lesser  extent  L.  yuilli,  were 
reluctant  to  bite  at  ground  level  in  either  the  forest  or 
clearing  habitats.  Their  diminished  biting  activity  at 
ground  level  appeared  to  primarily  account  for  the  greater 
similarity  of  the  clearing  catches  to  the  forest  floor 
catches  than  to  those  in  the  understory  and  canopy.  In  the 
clearing  series  of  catches,  the  biting  activity  of  L.  hart- 
manni, L.  trapidoi,  and  L.  yuilli  was  detected  to  be  sig- 
nificantly greater  at  the  two  forest  edge  sites  than  at 
those  sites  within  the  clearing.  Diversity  of  man-biting 
activity  in  the  clearing  habitat  was  determined  to  be  great- 
est at  a site  situated  at  the  edge  of  pioneer  vegetation 
and  pasture.  The  pioneer  vegetation  extended  to  this  loca- 
tion from  the  forest  about  130  m away. 
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The  man-hiting  activity  of  phlebotomine  sandflies  in 
the  Providencia  study  area  was  primarily  nocturnal  although 
crepuscular  patterns  were  exhibited  by  L.  bifoliate  within 
the  forest  and  by  L.  gomezi  at  the  clearing  sites.  The 
temporal  pattern  of  biting  activity  of  each  of  the  predomi- 
nant forest  species,  i.e.,  L.  hartmanni,  L.  trapidoi,  and  L. 
yuilli,  was  quite  variable  from  one  night  to  another  and 
there  was  often  a sharp  peak  in  the  biting  activity.  When 
such  variations  were  averaged,  the  emerged  pattern. 
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MOSQUITO  STUDIES  IN  A LOWLAND  CATTLE  PRODUCING  REGION. 

ABSTRACT:  The  Caucasia  entomological  studies  concentrated  on  the  collection 
of  mosquitoes  as  they  were  quite  abundant  in  this  region.  Most  of  the  51,683 
specimens  taken  during  the  14  months  of  the  field  studies  were  caught  by 
means  of  CDC  light  traps  and  aspirator  collections  using  a human  as  bait. 

The  Caucasia  region  has  a low  but  hilly  topography.  This  area  was  once 
covered  with  forest  but  clearing  for  cattle  production  has  been  so  extensive 
that  only  small  scattered  remanents  remain. 

The  light  trap  collections  were  dominated  by  the  Culex.  especially  by 
species  in  the  subgenus  Melanoconlon.  and  by  Anopheles  triannulatus.  Mansonia 
nigricans.  M.  tltillans,  and  Aedeomyia  squamlpennls  were  also  abundant  in  the 
light  trap  collections.  The  predominant  man-biting  species  of  this  region 
include  Aedes  crinifer . A.  scapularis.  A.  serratus  and  Psorophora  alblpes. 
Collections  were  made  in  forest,  brushy,  and  pasture  habitats  at  five  differ- 
ent haciendas.  Those  species  favoring  the  forest  habitat  include  Aedes  scap- 
ularis. Psorophora  albipes,  ferox  and  two  species  of  Culex.  Aedeomyia 
squamlpennls.  Wyeomyia  species  and  a Culex  species  tended  to  be  most  abundant 
in  the  brushy  areas.  In  open  areas  the  predominant  species  included  Anopheles 
trlannu''  itus.  Aedes  crinifer.  a Culex  Melanoconlon  species , Mansonia  nigricans. 
M.  tltil  ms,  Psorophora  cingulata  and  P^.  conflnnis.  Both  light  trap  and 
aspirator  catches  were  high  during  the  rainy  period  from  March  through  October 
but  declined  to  low  values  during  the  November  through  March  dry  season. 
Psorophora  albipes  and  Mansonia  tltillans  accounted  for  47%  and  29%  of  the 
catch  in  a burrow-baited  stable  trap  which  was  placed  in  a forested  area  on 
the  Hacienda  Barro. 
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THE  MAN- BITING  ACTIVITY  OF  HAEMATOPHAGOUS  DIPTERA  IN  A 
NEOTROPICAL  RAIN  FOREST  ENVIRONl-IENT . 

Charles  H.  Porter 

An  attempt  was  made  to  obtain  an  inclusive  view  of  man- 
biting  activity  by  all  of  the  haematophagous  Diptera  within  a 
Tropical  Wet  Forest  environment;  i.e.,  within  both  the  forest 
and  the  adjacent  clearing  habitat.  Previous  investigations 
concerning  the  man-biting  activity  of  Diptera  in  the  Neo- 
tropics have,  for  the  most  part,  evolved  around  the  study  of 
a particular  disease  and  thus  have  tended  to  focus  on  the 
family  involved  in  its  transmission,  e.g.,  yellow  fever  - 
Culicidae  (Galindo  et  al.  1950  and  many  others),  leishmaniasis  - 
Phlebotominae  (Williams  1970b,  Disney  1968  and  many  others) 
and  onchocerciasis  - Simuliidae  (Dalmat  1955) . Faced  with  a 
number  of  complex  systematic  and  statistical  problems  and 
finite  support,  I limited  the  present  study  to  the  phlebotomine 
sandflies.  Our  investigations  of  the  other  families  will  be 
completed  as  time  and  support  permit. 

A number  of  species  of  phlebotomine  sandflies  are 
known  or  suspected  vectors  of  dermal  (cutaneous  and  muco- 
cutaneous) and  visceral  leishmaniasis  in  both  the  Old  and 
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New  Worlds  (Lewis  1974) . In  the  Neotropics  dermal  leish- 
maniasis appears  to  be  endemic  to  many  of  the  humid  lowland 
forests  (including  the  one  in  which  the  present  study  was 
made)  where  it  occurs  primarily  as  a zoonosis.  In  1968, 
World  Health  Statistics  Report  indicated  that  from  1951  to 
1965  there  were  3,534  recorded  cases  of  unspecified  leish- 
maniasis in  Colombia.  Also,  a number  of  arboviruses  have 
been  isolated  from  phlebotomine  sandflies  in  Panama  (Tesh 
et  al.  1974)  and  Colombia  (Barreto  1969).  In  spite  of 
their  importance  in  disease  transmission,  very  little  in- 
formation exists  concerning  the  man-biting  activity  of 
Phlebotominae  in  Colombia.  The  most  extensive  observa- 
tions appear  to  be  those  included  in  the  primarily  taxo- 
nomic work  of  Young  (1971)  . 

The  objective  in  this  study  was  to  determine  the 
temporal  and  spatial  attributes  of  the  man-biting  activity 
of  phlebotomine  sandflies  in  a Tropical  Wet  Forest  environ- 
ment. The  daily  periodicity  (temporal  pattern)  of  the  man- 
biting  activity  of  each  of  the  common  anthropophilic  species 
was  investigated.  Comparisons  were  made  between  three 
forest  sites  of  the  magnitudes  of  biting  activity  and  pat- 
terns of  vertical  stratification  of  the  predominant  man- 
biting  species.  In  addition,  the  forest  series  of  catches 
provided  some  information  about  seasonal  fluctuations  in 
biting  activity.  Comparisons  of  man-biting  activity  were 
also  made  between  six  clearing  sites  for  several  species. 
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The  forest  and  clearing  catches  were  differentiated  as 
were  the  catches  for  the  diverse  microenvironments  sampled 
within  both  of  these  habitats.  The  species  using  the  base 
of  large  trees  as  a diurnal  resting  site  were  also  noted. 

For  several  groups  of  haematophagous  Diptera  including 
the  phlebotomine  sandflies,  attempts  have  been  made  to 
divide  the  Neotropical  biogeographical  region  into  areas 
of  endemism  or  dispersion  (Lane  1953,  Forattini  1957,  Bram 
1967,  and  Martins  and  Morales-Farias  1972) . These  authors 
indicate  that  the  region  of  the  present  study  lies  in  an 
area  of  faunal  transition.  I thus  compared  both  the  entire 
sandfly  fauna  and  the  anthropophilic  component  of  the 
Providencia  study  area  with  those  reported  in  the  litera- 
ture from  neighboring  regions. 

A brief  review  of  the  biology  of  phlebotomine  sandflies 
is  included  at  this  point  for  the  benefit  of  those  readers 
who  are  unfamiliar  with  these  insects.  Phlebotomine  sand- 
flies are  most  abundant  in  the  humid  tropics  and  subtropics 
but  some  species  exist  in  arid  habitats  and  temperate  cli- 
mates. A vast  majority  of  the  Neotropical  species  are 
sylvan.  Their  biology  has  been  succinctly  summarized  by 
Tesh  and  Chaniotis  (1975)  as  follows  (references  deleted): 

Their  life  cycle  consists  of  egg,  four  larval  in- 
stars, pupa,  and  adult.  The  entire  life  cycle 
takes  from  5 to  10  weeks,  depending  on  species  and 
the  ambient  temperature.  The  larvae  develop  in 
soil  in  warm,  moist,  shaded  microhabitats  pro- 
tected from  direct  sunlight  and  rainfall,  such  as 
tree  buttresses,  animal  burrows,  caves,  and  crev- 


ices  in  rocks  and  masonry.  The  larvae  feed  on 
decomposing  organic  matter,  including  dead  in- 
sects, animal  feces,  leaf  litter,  and  other  rot- 
ting vegetation.  Both  immature  stages  and  adults 
are  very  susceptible  to  dessication  and  require 
high  humidity  and  constant  moisture  to  survive. 

During  periods  of  adverse  climate,  such  as  pro- 
longed dry  periods  or  cold,  some  species  diapause 
as  fourth  instar  larvae.  . . . Most  sandfly  spe- 
cies are  crepuscular  and  nocturnal  in  their 
biting  activity. 

Sandflies  commonly  move  in  short  hops  and  rarely 
travel  more  than  a few  hundred  meters  from  their 
resting  and  breeding  sites.  . . . The  lifetime  of 

sandflies  under  natural  conditions  is  not  pre- 
cisely known,  but  laboratory  data  suggest  that  it 
is  relatively  short  (2-5  weeks) . Because  each 
gonadotrophic  cycle  lasts  4-7  days  . . . 

An  additional  aspect  of  sandfly  biology  is  the  requirement  ’ 
by  both  sexes  of  a carbohydrate  meal.  Chaniotis  (1975) 
found  sugar-feeding  to  be  a prerequisite  for  the  initiation 
of  blood-feeding  in  laboratory  reared  individuals  of 
Lutzomy ia  trapidoi . He  also  observed  that  wild-caught 
females  of  this  same  species  laid  an  average  of  24.2  eggs. 
Autogeny  has  been  noted  in  only  a few  species  (Lewis  1971)  . 
The  diurnal  resting  sites  of  Neotropical  species  include 
tree  trunks,  leaf  litter,  shrubs  and  saplings,  animal  bur- 
rows and  tree  hollows  (Chaniotis  et  al.  1972)  . Compre- 
hensive reviews  of  phlebotomine  sandfly  biology  from  a 
world-wide  perspective  have  been  written  by  Lewis  (1971, 
1974) . 
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Previous  Studies  of  the  Phlebotomine 
Sandflies  of  Colombia 

Previous  studies  of  the  phlebotomine  sandflies  of 
Colombia  have  been  primarily  descriptive  and  have  been 
comprehensively  reviewed  by  Osorno-Mesa  et  al.  (1967)  and 
Barreto  (1969).  In  1972  Osorno-Mesa  et  al.  summarized  and 
updated  the  literature  on  the  Colombian  Phlebotominae . 
Osorno-Mesa  et  al.  (1967)  provided  a list  of  the  23  species 
identified  from  Colombia  to  that  date,  indicated  their  geo- 
graphic distribution,  and  described  a new  species.  Barreto 
(1969)  reported  the  presence  of  14  additional  species 
which  were  collected  from  the  Pacific  lowlands  near  Buena- 
ventura. Young  (1971)  listed  69  species  from  Colombia  and 
provided  a key  to  their  identification  along  with  detailed 
illustrations  of  most  species.  Seventy-six  species  were 
recorded  from  Colombia  by  Osorno-Mesa  et  al.  (1972a) . They 
also  presented  their  records  of  the  geographic  distribution 
of  these  species.  Recently,  additional  new  species  from 
Colombia  have  been  described  by  Young  (1973),  Young  and 
Porter  (1974),  and  Morales-Alarcon  et  al.  (1974). 

There  is  little  information  prior  to  the  late  1960 's 
concerning  the  specific  identity  of  the  man-biting  phleboto- 
mine sandflies  of  Colombia.  Osorno-Mesa  et  al.  (1967)  ob- 
served what  they  considered  at  the  time  to  be  L.  verrucarum 
Crownsend)  biting  man  during  both  the  day  and  night  in  the 
Department  of  Cundinamarca  near  the  Rio  Bogota  at  an  altitude 
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of  2,550  m.  Osorno  et  al.  (1972b)  showed  that  this  was 
actually  a new  species  which  they  named  L.  andina . From  a 
series  of  collections  made  in  the  Pacific  lowlands  near 
Buenaventura  in  which  humans  were  used  as  a bait,  Barreto 
(1969)  observed  that  the  following  species  bit  man:  L. 
f lav i scut el lata  (Mangabeira) , L.  hartmanni  (Fairchild  and 
Hertig) , L.  panamensis  (Shannon) , L.  paraensis  (Costa 
Lima) , L.  trapidoi  (Fairchild  and  Hertig) , and  L.  y lephi- 
letor  (Fairchild  and  Hertig) . A series  of  man-biting 
catches  were  made  at  four  sites  in  the  Department  of  Choco 
by  Young  (1971)  as  part  of  a general  survey  of  the  phlebo- 
tomine  sandfly  fauna  of  the  region.  These  catches  were 
made  between  March  and  December  of  1967  and  apparently  pro- 
vide the  only  quantitative  information  about  the  man-biting 
activity  of  Phlebotominae  in  Colombia.  The  results  of 
these  catches  are  summarized  in  the  discussion.  Young  and 
Porter  (1972)  reported  L.  yuilli  to  be  a common  man-biting 
species  at  the  site  of  the  present  study-  Several  addi- 
tional species  were  reported  by  Osorno-Mesa  et  al.  (1972a) 
to  be  attracted  to  human  bait  in  Colombia  and  include  the 
anthropophilic  L.  lichyi  (Floch  and  Abonnenc) , L.  longi- 
palpis  (Lutz  and  Neiva) , L.  gomezi  (Nitzulescu) , L.  Colum- 
biana (Ristorcelli  and  Van  Ty) , L.  evansi  (Nunez  Tovar)  and 
L.  ovallesi  (Ortiz) . The  man-biting  activity  of  L.  cirrita 
(Young  and  Porter)  at  the  Providencia  study  area  was  sum- 
marized by  Young  and  Porter  (1974) . 


11-15 


The  Study  Area  and  Its  Climate 

The  Providencia  study  area  (Fig.  II-l) ^ is  situated 
in  a hilly  and  sparsely  populated  region  of  the  east  cen- 
tral portion  of  the  Department  of  Antioquia,  Colombia.  Our 
studies  were  made  in  the  area  surrounding  the  Providencia 
hydroelectric  plant  (latitude  7°19*N,  longitude  75°04'w) 
of  Pato  Consolidated  Gold  Dredging,  Ltd.  This  region  lies 
within  the  foothills  of  the  northern  slopes  of  the  central 
cordillera  of  the  Andes  (Fig.  II-2)  . The  Providencia  study 
area  is  drained  by  the  Rxo  Anori  and  varies  in  elevation 
from  approximately  400  to  800  m. 

The  Providencia  hydroelectric  plant  lies  approxi- 
mately 25  Tcilometers  south  and  22  kilometers  west  of  Zara- 
goza, an  important  early  center  of  Spanish  gold  mining 
activity  established  in  1581.  There  is  no  evidence  that 
any  of  the  early  Spanish  settled  in  the  hilly  Providencia 
region,  and  the  rapid,  boulder  strewn  Rio  Anori  is  unnavi- 
gable.  Additional  information  about  the  history  of  the 
Providencia  region  is  presented  in  Appendix  A. 

The  steep  slopes  characteristic  of  large  portions  of 
the  Rio  Anori  watershed  have  prevented  large  scale  coloni- 
zation of  much  of  this  region  including  the  Providencia 

^The  Roman  numeral  II  precedes  the  table  and  figure 
nunbers  to  conform  with  the  format  used  for  the  final  re- 
port of  the  interdisciplinary  research  program  entitled 
"Association  of  Vertebrate  Pathogens  with  Ecological  Per- 
turbation of  Tropical  Forests"  under  which  this  study  was 
conducted . 


The  foothills  of  the 
dillera  of  the  Andos 


northern  slopes  of  the  central  eor-- 
near  the  Provideneia  study  area. 
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“1 

i- 

area.  The  hillsides  facing  the  Rio  Anori  in  the  Provi-  | | 

dencia  region  are  known  to  have  been  subjected  to  intermit-  | 

I 

tent  clearing  since  the  1930 's  and  selective  cutting  since  ! 

the  1900 's.  Large  tracts  of  relatively  undisturbed  forest 
still  exist  and  in  general  tend  to  become  less  disturbed  as 

I 

one  moves  away  from  the  river.  Relative  inaccessibility 

and  a very  hilly  topography  have  tended  to  discourage  the  i ii 

use  of  the  area  for  livestock  production,  although  such  an  < 

endeavor  was  being  undertaken  in  1971  near  La  Tirana.  In  ! 

addition  to  the  11  to  12  families  associated  with  the  Provi- 
dencia  hydroelectric  plant,  only  a few  subsistence  colonos 

I 5 

t 

live  in  the  Providencia  region,  and  they  reside  primarily 
on  the  slopes  facing  the  Rio  Anori. 

The  Providencia  region  has  a mean  annual  rainfall  of  ■ 

462  cm  (Table  II-l) , and  there  is  a distinct  tendency  for 
this  rain  to  occur  at  night  (Table  II-2) . A dry  season, 
characterized  more  by  a reduction  than  absence  of  rain, 
usually  occurs  from  December  through  March.  No  month  has  a 
mean  rainfall  of  less  than  9 cm.  Daily  rainfall  exceeded 
10  cm  on  three  occasions  in  1970  and  seven  in  1971.  The 
unusually  large  amount  of  rain  recorded  during  the  1970-71 
dry  season  occurred  while  our  field  studies  were  in  progress 
and  has  perhaps  minimized  the  influence  this  period  may 
have  on  the  population  levels  of  the  haematophagous  Diptera . I 

The  nocturnal  pattern  of  rainfall  is  thought  to  be  related 
to  the  geographic  location  of  the  Providencia  region  in  the 


Table  II-2 


Hourly  distribution  of  rainfall  for  the  Providencia  region.® 


Hour 

beginning 

Observations 

% Frequency 
of  rainfall 

01 

41 

34 

02 

45 

24 

03 

45 

33 

04 

45 

31 

05 

44 

34 

06 

0 

— 

07 

120 

13 

08 

121 

6 

09 

121 

7 

10 

121 

4 

11 

121 

2 

12 

121 

0 

13 

121 

2 

14 

120 

3 

15 

120 

4 

16 

113 

8 

17 

43 

2 

18 

46 

11 

19 

46 

11 

20 

47 

13 

21 

48 

15 

22 

48 

19 

23 

44 

23 

24 

42 

33 

^Compiled  from  climatic  data  recorded  during  the 
temporal  distribution  studies  of  haematophagous  Diptera  in 
1970-71.  Rainfalls  of  shorter  duration  than  15  minutes 

were  excluded. 


11-21 


foothills  of  the  central  cordillera.  The  percent  frequency 
of  rainfall  for  each  hour  of  the  day  (Table  II-2)  was  com- 
piled to  determine  if  there  was  a distinct  temporal  pattern 
of  rainfall  and  should  not  be  construed  as  a probability 
table . 

A high  annual  rainfall  which  occurs  primarily  at  night, 
an  absence  of  a severe  dry  season,  and  a moderate  elevation 
(400-800  m)  all  tend  to  promote  a continuously  high  rela- 
tive humidity  in  the  Providencia  region.  A hydrothermograph 
was  maintained  from  December  1970  through  July  1971  in  the 
clearing  below  the  Providencia  forest.  This  instrument  was 
located  just  above  ground  level,  beneath  the  bench  at  clear- 
ing site  C.  The  mean  monthly  minimum  relative  humidities 
are  presented  in  Table  II-3.  A mean  monthly  maximum  rela- 
tive humidity  was  not  calculated  since  the  values  were  con- 
sistently above  95%  and  thus  in  a range  of  limited  accuracy 
(Grubb  and  Whitmore  1966) . 

In  1971  the  mean  maximum  temperatures  in  the  clearing 
for  those  months  which  normally  comprise  the  dry  season  were 
somewhat  lower  than  for  the  other  months  in  which  the 
hydrothermograph  was  maintained  (Table  II-3) . Variation 
between  months  was  somewhat  smaller  for  the  mean  minimum 
temperatures  than  for  the  mean  maximums.  The  lowest  mean 
minimum  temperature  occurred  in  July.  Hourly  forest  temper- 
ature means  were  compiled  from  readings  obtained  during  the 
platform  studies  (Table  II-4)  . The  sharpest  temperature 
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Table  II-3 

Meteorological  data  recorded  by  a hydrothermograph  located 
in  the  center  of  a clearing  (bench  site  C) .a 

Temperature  °C  Relative  humidity  % 

Mean  Mean  Mean 

Month  maximum  minimum  minimum 

1970 


December 

28.4 

21.1 

72.4 

1971 

Janua  ry 

27.4 

21.1 

73.6 

February 

27.5 

21.0 

73.0 

March 

26.7 

21.8 

79.4 

April 

28.1 

21.3 

76.0 

May 

28.7 

21.6 

71.8 

June 

29.5 

20.8 

66.2 

h 

\ 

July 

29.1 

20.1 

67.4 

^The  hydro thermograph  was  situated  just  above  ground 
level  beneath  the  bench. 
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Table  II-4 

Hourly  forest  temperature  means  for  the  Providencia  region.^ 


Hour 

Observations 

Mean 

01 

29 

22 . 1 

02 

28 

21.9 

03 

26 

21.8 

04 

26 

21  .7 

05 

26 

21.7 

06 

24 

21.5 

07 

45 

21.8 

08 

51 

22.0 

09 

53 

22.7 

10 

53 

23.4 

11 

53 

24.1 

12 

52 

24.5 

13 

52 

24.6 

14 

52 

24.7 

15 

52 

24.7 

16 

52 

24.5 

17 

71 

24.3 

18 

35 

24.2 

19 

33 

23.7 

20 

33 

23.2 

21 

33 

23.0 

22 

32 

22.9 

23 

32 

22.5 

24 

30 

22.2 

^Recorded  from  a thermometer  placed  at  a height  of 
0.7  m above  forest  floor  during  the  temporal  distribution 
studies  of  haematophagous  Diptera  in  1970-71. 
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changes  within  the  forest  occurred  between  0800  and  1100 
hours  at  which  time  the  temperature  increased  about  2°C . A 
somewhat  less  pronounced  corresponding  decrease  in  tempera- 
ture occurred  between  1800  and  2000  hours.  The  temperature 
continued  to  fall  slowly  throughout  the  night,  reaching  a 
low  at  0600  hours.  The  mean  maximum  temperature  within  the 
forest,  based  on  52  sets  of  observations  talcen  over  one 
year,  was  25.2°C.  A mean  minimum  forest  temperature  based 
on  only  half  as  many  observations  was  21.5°C.  Temperatures 
at  the  Tiroteos  site  appeared  to  be  about  0.5-1.0°C  higher 
than  at  the  Buenos  Aires  sites.  The  latter  site  was  100  m 
higher  in  elevation.  Temperatures  at  the  Providencia  for- 
est site  tended  to  be  somewhat  intermediate,  more  closely 
resembling  the  Tiroteos  site. 

Classification  and  General  Description  of 
the  Forests  in  the  Providencia  Region 

since  the  Providencia  region  has  an  estimated  mean 
temperature  of  23.1°C,  an  annual  mean  rainfall  of  462  cm, 
and  an  elevation  varying  from  400  to  800  m,  the  forest 
would  be  classified  according  to  the  Holdridge  Life  Zone 
Chart  (Holdridge  1947)  as  Tropical  Wet  Forest,  cool  tran- 
sition (Holdridge  et  al.  1971) . Most  of  the  forested 
areas  occurred  on  steep,  well  drained  slopes.  For  example, 
the  terrain  of  the  Buenos  Aires  forest  in  the  vicinity  of 
the  first  platform  site  was  quite  variable  with  the  direction 
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of  slope  fluctuating  from  60*^  east  of  north  to  25°  east  of 
south  and  the  angle  of  slope  ranging  from  19  to  70%.  The 
soil  of  the  providencia  region  was  derived  from  metamorphic 
parent  material  (Anon.  1969),  and  in  the  forests  it  tended 
to  be  acidic  with  low  natural  fertility. 

On  the  basis  of  physiognomic  characters,  the  forests 
of  the  Providencia  study  area  tend  to  be  rather  intermediate 
between  the  Tropical  Wet  Forest  and  Tropical  Premontane  Wet 
Forest  Life  Zones  (Holdridge  et  al.  1971).  The  Buenos 
Aires  and  Tiroteos  forest  sites  had  an  upper  closed  canopy 
comprised  of  trees  22-30  m tall  with  occasional  emergents 
to  35  m.  The  forest  at  the  Providencia  site  appeared  to  be 
about  5-10  m taller.  These  heights  are  less  than  the  45- 
55  m tall  upper  canopy  observed  for  the  Tropical  Wet  For- 
ests of  costa  Rica  by  Holdridge  et  al.  (1971)  and  are  some- 
what lower  than  that  recorded  for  the  Premontane  Wet  For- 
ests. The  difference  in  height  may  be  attributable  to  the 
general  steepness  of  the  slopes  upon  which  the  forests  of 
the  Providencia  area  occur.  However,  the  thicker  trunks  of 
large  trees,  large  number  of  tree  species,  usually  large 
number  of  palms,  and  limited  distribution  of  tree  ferns 
more  closely  align  the  forests  of  the  Providencia  region 
with  the  Tropical  Wet  Forest  Life  Zone.  In  addition  to 
these  characters,  a generally  sparse  ground  cover  and  rela- 
tively low  density  of  epiphytic  moss  on  trunks  further  dis- 
tinguish the  Providencia  forests  from  the  Tropical  Premon- 
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tane  Rain  Forest  Life  Zone. 

The  estimated  density  of  trees  (10  cm  dbh  [diameter  at 

breast  height]  or  more),  78.5/0.1  ha  (73.1/10,000  sq  ft)  at 

the  Tiroteos  site  and  81.6/0.1  ha  (75.9/10,000  sq  ft)  at  the 

Buenos  Aires  site,  was  somewhat  greater  than  that  recorded 

for  the  Tropical  Wet  Forests  of  Costa  Rica  by  Holdridge 

et  al.  (1971)  but  less  than  that  observed  by  Grubb  et  al. 

(1963)  for  lowland  rain  forest  in  Ecuador.  Species  diver- 

2 

sity  was  great  at  all  sites,  e.g.,  within  a 242  m sample 
area  at  the  Tiroteos  site  there  were  35  species,  14  of  which 
had  a dbh  exceeding  10  cm.  The  upper  canopy  of  these  for- 
ests was  composed  of  many  species  including:  Anacardium 
excelsum  Skeels,  Caryocar  costaricense  Bonn.  Sm.,  Carapa 
quianensis  Aubl.,  Dimorphandra  pemigera  Tul.  Brosimum  sp . , 
Andira  sp.,  and  Ocotea  sp.  The  understory  of  all  three 
forests  included  representatives  of  such  genera  as  Inga , 
Luehea , Miconia , Pouteria , Turpinia , and  Xy lopia . Leaf  fall 
during  the  dry  season  was  not  readily  apparent  although  one 
of  the  Caryocar  costaricense  at  the  Buenos  Aires  site  be- 
came partially  deciduous. 

The  composition  of  tree  species  forming  the  upper 
canopy  varied  with  each  forest  and  these  floristic  differ- 
ences seemed  to  partially  account  for  certain  physiognomic 
variations  between  the  forests.  The  frequent  occurrence 
of  Carapa  quianensis  in  the  Providencia  forest  resulted  in 
buttresses  being  a prominent  feature  of  that  forest. 
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Buttresses  were  least  noticeable  in  the  Tiroteos  forest 
where  they  were  considerably  reduced  both  in  number  and 
size.  Herbaceous  epiphytes  and  lianas  were  abundant  on  the 
upper  and  middle  strata  trees  at  the  Buenos  Aires  study 
site.  Bromeliads  and  Araceae  were  the  predominant  herba- 
ceous epiphytic  forms  but  ferns/  orchids,  and  cyclanths 
were  also  common.  Tank  epiphytes  were  estimated  to  be 
about  five  times  as  numerous  at  the  Buenos  Aires  site  as 
at  the  south  facing  Tiroteos  location.  However,  bromeliads 
were  more  conspicuous  in  the  Tiroteos  forest  since  many 
tended  to  occur  at  quite  low  levels  on  trunks,  a phenome- 
non which  may  be  attributed  to  the  frequently  more  open 
canopy.  Palms  were  most  abundant  in  the  Tiroteos  forest 
where,  with  an  estimated  density  of  l,529Aia,  they  were  a 
conspicuous  component  of  the  understory.  Some  selective 
cutting  for  bridge  ties  is  known  to  have  occurred  in  the 
Tiroteos  forest.  An  extended  description  of  the  forest 
vegetation,  especially  of  Buenos  Aires  and  Tiroteos  sites, 
is  given  in  Appendix  B. 

Forest  Platform  Sites 

The  series  of  platform  collections  were  made  at  three 
different  forest  locations  locally  known  as  Buenos  Aires, 
Providencia,  and  Tiroteos  (Fig.  II-l)  . The  distance  be- 
tween the  Providencia  and  Tiroteos  sites  was  approximately 
1.8  km  while  that  between  the  Buenos  Aires  and  Tiroteos 


sites  was  about  2.7  km.  The  latter  two  locations  were 
united  by  a vast  expanse  of  forest  extending  unbroken  for 
many  kilometers  to  the  east. 

Two  platform  sites  were  constructed  in  the  Buenos 
Aires  region,  but  only  one,  Buenos  Aires  1,  was  used  for 
the  night  studies.  Both  of  these  sites  were  located  in  a 
small  extension  of  undisturbed  forest  that  merged  to  the 
south  and  west  with  secondary  forest  on  the  steep  slopes 
facing  the  Rio  Anori.  To  the  east  undisturbed  primary  for- 
est extended  continuously  for  many  kilometers.  Approxi- 
mately 200  m to  the  north  of  the  Buenos  Aires  1 site,  there 
was  a 3.5  hectare  fern-shrub  thicket.  This  area  was 
cleared  in  1937  and  was  maintained  as  a pasture  until  aban- 
donment in  1951.  Portions  of  this  clearing  have  been 
intermittently  burned  since  then. 

The  Buenos  Aires  1 platform  site  (Fig.  II-3)  occurred 
on  a narrow  ridge  near  the  top  of  a steep  southeast  facing 
slope  at  an  elevation  of  690  m.  A small  creek  passed  within 
20  m of  the  site  and  joined  a rapid  stream  about  50  m away. 
The  understory  and  canopy  platforms  were  constructed  in 
separate  trees  of  Caryocar  costaricense  Bonn.  Sm.  which 
were  9 m apart.  These  platforms  were  at  heights  of  6.4  m 
(21  ft)  and  16.2  m (53  ft) . The  tree  containing  the  upper 
platform  was  27  m tall,  and  the  crown  of  both  trees  sup- 
ported a heavy  load  of  herbaceous  epiphytes  including  many 
large  bromeliads. 
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About  90  m to  the  southeast  and  at  the  same  altitude 
a second  platform  site,  Buenos  Aires  2,  was  constructed  on 
a steep,  approximately  50°,  north  facing  slope.  A 15  m 
wide  clearing  for  power  lines  passed  through  the  forest 
within  30  m of  this  location.  The  platforms  were  built  in 
a tree  known  locally  as  "granadejo"  and  were  at  heights  of 
4.3  m (14  ft)  and  13.4  m (44  ft).  Unlike  the  platform 
trees  at  the  Buenos  Aires  1 site,  the  crown  of  this  tree 
did  not  have  a profuse  growth  of  herbaceous  epiphytes. 

The  Providencia  platform  site  (Figs.  II-4  and  5)  was 
located  on  a steep  east  facing  hillside  overlooking  the 
hydroelectric  plant  at  Providencia  (Fig.  II-6) . The  lower 
two-thirds  of  this  hillside  was  first  cleared  between  1941 
and  1943  and  now  contains  several  vegetative  formations 
including  pasture,  mixed  pineapple-plantain  cultivation, 
and  secondary  forest.  This  area  will  be  described  in  more 
detail  later  in  relation  to  the  clearing  sites.  A slightly 
disturbed  primary  forest  extended  along  the  upper  one-third 
of  this  hillside,  but  the  west  facing  slope  had  recently 
been  cleared  for  pasture.  The  forest  was  only  about  200  m 
wide  above  Providencia  but  became  more  extensive  to  the 
southwest,  reaching  the  river  in  several  locations. 

A platform  site  was  constructed  within  the  Providencia 
forest  about  50  m from  its  lower  margin  with  the  clearing. 
The  elevation  at  this  level  was  618  m,  and  the  slope  was 
gentle,  about  20°,  although  most  portions  of  the  hillside 
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Fig.  II-6 

The  Rio  Anori  valley  aL  the  Proviclencia  hydroelectric 
plant.  The  clearing  (bench)  sites  were  located  on  thie 
hillside  in  the  background  and  the  Providencia  platform 
site  was  located  in  the  forest  above  the  clearing. 
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were  steeper,  varying  from  45°  to  70°.  The  platforms  were 
built  in  a buttressed,  39  m tall  Carapa  guianensis  Aubl.  at 
heights  of  6.6  m (21.5  ft)  and  18.6  m (61  ft) . Only  a few 
herbaceous  epiphytes  occurred  in  the  crown  of  this  tree. 

Early  differences  in  the  populations  of  haematophagous 
Diptera  observed  between  the  Buenos  Aires  and  Providencia 
locations  prompted  the  construction  of  a platform  site  in  a 
third  forested  area  known  as  Tiroteos.  This  platform  site 
was  situated  about  1 km  inside  an  extensive  tract  of  forest 
which  merged  with  the  Buenos  Aires  forest  and  extended  for 
many  kilometers  to  the  east.  The  platforms  were  built  in 
a large  Dimorphandra  pemigera  Tul.  (J.  S.  Denslow,  personal 
communication)  which  was  located  close  to  the  top  of  a 
steep,  approximately  45°,  south  facing  slope  at  an  elevation 
of  590  m.  with  an  estimated  height  of  27.4  m this  tree  was 
a constituent  of  the  upper  canopy  but  had  only  a few  herba- 
ceous epiphytes  and  none  of  these  were  tank  bromeliads. 

The  platforms  were  placed  at  heights  of  6.4  m (21  ft)  and 
18.0  m (59  ft) . 

Clearing  Sites 

All  six  of  the  clearing  sites  were  located  in  the 
extensive  open  area  below  the  Providencia  forest  platform 
site  (Fig.  11-6).  This  area,  located  on  the  eastern  slope 
of  the  hill  directly  across  the  Rio  Anori  from  the  Provi- 
dencia hydroelectric  plant,  was  originally  cleared  between 
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1941  and  1943.  Various  portions  of  this  hillside  have  been 
used  in  a variety  of  ways  so  that  several  kinds  of  vegeta- 
tive formations  were  present  at  the  time  of  our  study.  The 
collecting  sites  were  so  arranged  as  to  occur  in  these  major 
vegetative  formations.  Four  of  the  six  collecting  sites,  A 
through  D (Fig.  II-l) , were  placed  at  approximately  60  m 
altitudinal  intervals  beginning  with  site  A at  the  base  of 
the  hillside  adjacent  to  the  Rio  Anori.  Sites  E and  F were 
located  at  the  same  altitude  as  site  C but  were  situated  at 
the  southern  and  northern  edges  of  the  clearing,  respec- 
tively. Each  of  these  collecting  locations  contained  a 
bench  shaded  by  a thatched  roof;  hence,  they  were  referred 
to  as  bench  sites. 

Bench  site  A,  elevation  420  m,  was  situated  next  to 
the  Rio  Anori  across  from  the  Providencia  hydroelectric 
plant.  This  site  was  at  the  edge  of  a wooded  area  which 
extended  uphill  to  the  west.  This  woods  was  comprised  of 
trees,  including  Cecropia  spp.,  ranging  in  height  to  12  m 
and  had  a thick  undergrowth.  The  bench  site  was  shaded 
after  1400  hours.  The  site  was  about  8 m above  the  river 
bed  and  faced  80°  east  of  north  toward  several  houses  150- 
200  m away.  A fast  flowing  creek  emptied  into  the  Rio 
Anori  about  12  m upstream. 

Bench  site  B,  elevation  470  m,  occurred  in  an  area  of 
diverse  cultivation  (Fig.  II-7)  approximately  120  m west- 
northwest  of  site  A.  To  the  north,  a large  cleared  area 
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planted  with  corn  (Zea  mays  L-)  extended  to  within  approxi- 
mately 40  m of  the  site,  and  a small  creek  passed  within 
12  m to  the  northeast.  In  October  1970  a clearing,  about 
55  X 65  m,  was  made  just  to  the  south  of  the  bench  site  and 
was  planted  with  corn  and  pineapple  (Ananas  comosus  Merr.) , 
but  by  August  1971  many  herbaceous  pioneer  species  had  be- 
come established,  producing  a very  thick  growth  to  a height 
of  2 m.  A small  creek  passed  along  the  southern  margin  of 
this  clearing.  The  bench  site  itself  was  located  within  a 
small  grove  of  diverse  fruit  trees  but  some  plantains  (Musa 
paradisiaca  L.) , yucca  (Manihot  esculenta  Crantz.) , and 
pineapples  were  also  present.  The  bench  was  constructed 
beneath  a zapote  tree  (Matisia  cordr ta  Humb.  and  Bonpl.) 
which  shaded  the  site  throughout  the  day.  An  extensive 
area  of  plantain  cultivation  extended  for  about  80  m to  the 
west.  Some  plantain  and  pineapple  cultivation  occurred  to 
the  east  but  soon  merged  into  a thick  growth  of  pioneer  and 
early  secondary  vegetation.  Secondary  forests  with  broken 
canopies  and  trees  from  6-16  m tall  occurred  along  the 
outer  margins  of  large  portions  of  the  cultivated  areas. 

Bench  site  C,  elevation  540  m,  was  situated  centrally 
in  the  lower  half  of  a pasture,  approximately  110  m west- 
southwest  of  site  B.  This  site  was  fully  exposed  although 
there  was  a small  clump  of  trees  about  35  m to  the  west 
near  the  center  of  the  pasture.  An  area  of  plantain  culti- 
vation occurred  approximately  30  m to  the  east  of  the  bench 


site.  About  40  m north  of  bench  site  C the  pasture  merged 
with  an  extensive  area  of  pioneer  vegetation,  and  a 10-15  m 
tall  early  secondary  forest  (Budowski  1965)  was  located 
40  m south  of  the  bench  site.  The  vegetation  of  the  pas- 
ture consisted  primarily  of  grasses  and  some  herbaceous 
dicots  and  frequently  reached  a height  of  1 m. 

Bench  site  E,  elevation  540  m,  was  located  to  the  south 
of  bench  site  C.  It  was  situated  just  within  the  pasture 
at  its  margin  with  the  10-15  m tall  early  secondary  forest. 
In  the  late  afternoon  the  bench  site  became  shaded  by  the 
forest.  About  15  m to  the  south  of  the  bench  site  a rapid 
creek  passed  through  the  secondary  forest.  This  forest 
merged  about  100  m to  the  west  with  the  mature  forest  con- 
taining the  Providencia  platform  site. 

Bench  site  F,  elevation  540  m,  was  situated  about  40  m 
to  the  north  of  bench  site  C and  was  at  the  edge  of  the 
pasture  and  a strip  of  late  pioneer  vegetation  ranging  in 
height  to  9 m.  The  rather  narrow,  sinuous  band  of  pioneer 
vegetation  extended  upward  to  the  forest  margin  about  130  m 
to  the  west.  A small  creek  passed  bench  site  F about  65  m 
to  the  northeast  and  pioneer  vegetation  grew  on  the  steep 
slope  between  this  bench  site  and  the  creek.  Bench  site 
F,  like  site  C,  was  thus  not  shaded  by  trees. 

Bench  site  D,  elevation  600  m,  was  located  at  the 
extreme  northwest  edge  of  the  pasture,  adjacent  to  the  tall, 
mature  forest  containing  the  Providencia  platform  site. 


The  bench  site  was  situated  at  the  tip  of  a small  protrusion 
of  the  pasture  into  the  forest.  It  was  thus  surrounded  on 
three  sides  by  forest  and  consequently  was  shaded  by  early 
afternoon.  One  creek  passed  approximately  90  m to  the 
southwest  of  this  bench  site  and  a second,  about  110  m to 
the  southeast.  The  forest  platform  site  was  about  40  m to 
the  southwest  of  this  bench  site. 

The  location  of  the  bench  sites  may  be  summarized  as 
follows:  site  A,  edge  of  river  and  early  secondary  woods; 
site  B,  area  of  extensive  and  diverse  cultivation;  site  C, 
open  pasture;  site  D,  edge  of  pasture  and  mature  forest; 
site  E,  edge  of  pasture  and  early  secondary  forest;  site  F, 
edge  of  pasture  and  pioneer  vegetation  extending  from  for- 
est. Since  all  of  the  sites  were  situated  on  the  eastern 
slope  of  the  hillside,  they  became  shaded  in  the  late 
afternoon  when  the  sun  passed  behind  the  top  of  the  hill. 
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Collecting  Methods  and  Nurnber  of  Catches 

Collecting  methods.  At  each  of  the  three  forest  plat- 
form sites  six  men  were  employed.  This  permitted  the 
simultaneous  collection  of  biting  Diptera  by  two  men  at 
each  of  the  three  levels.  The  two-man  teams  rotated 
between  the  canopy,  under story,  and  ground  level  at  2-hour 
intervals  in  order  to  minimize  the  effects  of  difference 
among  workers  both  in  their  attractiveness  to  the  Diptera 
and  in  their  collecting  ability.  Kettle  and  Linley  (1967) 
and  Kettle  (1969)  have  shown  that  substantial  differences 
may  occur  between  workers  in  their  attractiveness  to  Cera- 
topogonidae,  and  they  have  calculated  correction  factors 
for  each  worker.  Vfe  did  not  attempt  to  determine  such  dif- 
ferences between  workers  since  it  was  not  possible  to  re- 
tain the  same  six  collectors  throughout  the  period  of  this 
study.  While  collecting,  the  workers  wore  short  sleeve 
shirts,  rolled  their  pants  up  above  their  knees  and  did  not 
wear  shoes.  All  specimens  landing  on  the  workers  were  col- 
lected individually  in  either  1-dram  or  5-dram  vials, 
depending  upon  the  size  of  the  insect.  To  relate  the 
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specimens  to  the  capture  site,  level,  and  time  of  collec- 
tion, at  the  end  of  each  catch  period  at  each  level  all  of 
the  vials  containing  specimens  were  placed  in  a plastic  bag 
labelled  with  the  date,  catch  period,  and  level.  For  the 
night  catches  each  collector  used  a flashlight  which  had 
its  front  glass  covered  with  red  cellophane  to  minimize 
the  attraction  of  insects  to  light.  After  a platform  col- 
lection had  been  completed  the  specimens  were  refrigerated 
at  the  field  laboratory.  At  weekly  to  biweekly  intervals 
the  specimens  were  shipped  with  ice  in  insulated  styrofoam 
boxes  to  the  Medellin  laboratory. 

Duration  and  number  of  catches.  Numerous  workers 
studying  the  periodicity  of  biting  activity  of  haematopha- 
gous  Diptera  (Lumsden  1952,  Kettle  and  Linley  1967,  Chanio- 
tis  et  al.  1971b)  have  related  tbe  time  of  their  collection 
periods  to  sunrise  and  sunset.  Haddow  (1954)  has  shown  the 
value  of  obtaining  an  activity  profile  corresponding  to  the 
24  hours  of  the  day  while  at  the  same  time  maintaining 
similar  light  intensity  relations  (see  williams  1939)  for 
each  of  these  periods  throughout  the  year.  Hence,  at  the 
latitude  of  Providencia,  7°19'N,  the  time  period  between 
sunset  and  sunrise  was  divided  into  12  periods  of  equal 
duration  as  was  the  period  between  sunrise  and  sunset. 

These  periods  usually  differed  in  length  from  the  normal 
60-minute  hour.  Such  a division  insured  that  the  times  of 
sunrise  and  sunset  and  their  accompanying  rapid  changes  in 
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light  intensity  did  not  fall  into  two  different  catch 
periods  at  different  times  of  the  year.  The  times  of  sun- 
rise and  sunset  for  the  latitude  and  longitude  of  provi- 
dencia  were  obtained  from  a table  prepared  for  us  by  the 
Nautical  Almanac  Office,  U.S.  Naval  Observatory,  Washing- 
ton, D .C . The  time  of  sunrise  in  the  Providencia  region 
varied  from  0542  to  0619  hours,  and  the  time  of  sunset  var- 
ied from  1739  to  1821  hours.  The  maximum  length  of  each 
daylight  catch  period  was  63  minutes  and  the  minimum  was 
58.5  minutes;  conversely,  the  maximum  length  of  each  night 
catch  period  was  61.5  minutes  and  the  minimum  was  57 
minutes . 

The  series  of  forest  night  catches  upon  which  the  phle- 
botomine  sandfly  study  is  primarily  based  began  with  a col- 
lection in  late  July  1970  at  the  Buenos  Aires  1 site.  This 
was  followed  by  two  collections  per  month  for  the  remainder 
of  the  year.  One  of  these  collections  was  made  each  month 
at  the  Buenos  Aires  1 site  while  the  other  collection  alter- 
nated between  the  other  two  sites.  In  1971  a collection  was 
made  at  each  of  the  three  sites  every  month  through  August. 
In  addition,  58  daytime  forest  catches  were  made  between 
May  1970  and  July  1971.  A series  of  12  night  catches  was 
made  between  March  and  August  of  1971  in  a clearing  adjacent 
to  the  forest  in  which  the  Providencia  platform  site  was 
located.  An  extensive  series  of  65  daytime  catches  was 
also  made  in  this  clearing  from  October  1970  to  August  1971. 
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The  diurnal  platform  collections  were  10  catch  periods 
in  length,  extending  from  approximately  0700  to  1700  hours. 
The  nocturnal  collections  extended  from  1700  to  0600  hours 
and  thus  included  the  last  day  catch  period  in  addition  to 
all  12  night  periods.  The  first  daylight  period,  approxi- 
mately 0600  to  0700  hours,  was  not  sampled  since  it  would 
have  been  necessary  either  to  extend  the  already  excessively 
long  night  collections  or  have  the  workers  reach  the  rela- 
tively remote  platform  sites  in  the  dark  over  difficult  up- 
hill trails.  Continuous  collections  for  24  or  more  hours 
similar  to  those  of  Haddow  (1954)  were  economically 
unfeasible . 

Although  heavy  rains  were  infrequent  during  the  day, 
they  were  of  common  occurrence  at  night  during  the  rainy 
season  and  often  prevented  collecting  on  the  exposed  plat- 
forms for  portions  of  the  night.  The  decision  to  stop  col- 
lecting during  periods  of  heavy  rain  rather  than  construct 
roofs  over  the  platforms  was  made  primarily  on  account  of 
the  severe  lightning  that  frequently  accompanied  these 
rains.  Catch  periods  in  which  heavy  rains  occurred  have 
been  excluded  from  the  data  used  to  calculate  the  means. 
Since  the  bench  sites  had  roofs,  rain  did  not  interrupt 
any  of  the  collections  made  in  the  clearing. 

Clearing  catches.  Although  there  were  a few  differ- 
ences, the  general  procedure  used  for  the  clearing  catches 
was  similar  to  that  for  the  forest  studies.  The  catches 


in  the  clearing  were  all  conducted  at  ground  level  and  were 
made  by  the  same  six  collectors  that  participated  in  the 
forest  studies.  To  facilitate  comparison  with  the  forest 
series  of  catches,  the  collectors  worked  in  pairs,  and  this 
resulted  in  the  simultaneous  sampling  of  three  sites. 
Therefore,  the  clearing  collections  were  made  on  two  con- 
secutive days  with  sites  A,  B,  and  D being  sampled  on  the 
first  day.  Aspirators  were  used  in  making  the  night  col- 
lections, and  all  specimens  were  chloroformed  and  preserved 
in  70%  ethanol. 


Collection  of  resting  adults  from  the  base  of  trees. 


From  November  1970  to  June  1971  a series  of  collections  was 


made  of  phlebotomine  sandflies  resting  at  the  base  of  11 
trees  in  the  forest  containing  the  Providencia  platform 
site.  This  portion  of  the  forest  was  situated  on  a steep 
slope  facing  the  Rio  Anori.  The  collections  were  made  once 
a month  although  only  a few  of  the  sites  were  sampled  in 
December.  Resting  adults  were  collected  with  aspirators  in 
a manner  similar  to  that  described  by  Chaniotis  et  al. 

1971a.  An  attempt  was  made  to  collect  all  of  the  specimens 
resting  on  the  trunks  from  ground  level  to  1.5  m.  The 
adults  tended  to  be  congregated  in  the  most  sheltered  area 
of  the  tree  base  which  was  invariably  located  on  the  down- 
hill side.  On  a few  of  the  trees,  these  protected  areas 
became  damp  after  heavy  rains  and  few  if  any  sandflies 
could  be  found.  Trees  4 to  7 and  10  and  11  were  buttressed. 
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35  to  40  m tall  specimens  of  Carapa  guianensis . Trees  6, 

7,  and  11  had  immense  buttresses.  The  remaining  trees,  1 
to  3 and  8 and  9,  were  of  several  different  species  and  had 
fluted  or  mildly  buttressed  trunks.  The  first  three  of 
these  trees  were  between  25  and  30  m tall  and  trees  8 and 
9 were  35  to  40  ra  tall. 

Species  Identification 

The  majority  of  the  Phlebotominae  obtained  from  the 
platform  collections  were  separated  into  groups  for 
attempted  virus  isolation  based  on  their  external  appear- 
ance. Since  these  superficial  groupings  often  contained 
more  than  one  species,  we  also  cut  off  the  posterior  ab- 
dominal metameres  containing  the  spermathecae . These 
metameres  were  stored  in  appropriately  labeled  shell  vials 
containing  a mold  inhibitor.  After  returning  to  Wisconsin, 
the  pooled  specimens  were  identified  by  clearing  the  meta- 
meres in  10%  KOH  and  examining  the  spermathecae  in  a de- 
pression slide  containing  lactophenol  tinted  with  iodine. 

In  addition,  representative  specimens  from  each  collection 
along  with  any  unusual  specimens  were  preserved  by  layering 
in  pillboxes.  All  of  the  specimens  taken  from  the  clearing 
sites  were  preserved  in  alcohol.  These  specimens  were  more 
satisfactorily  cleared  by  placing  them  in  beechwood  creo- 
sote for  2 days  before  they  were  cleared  in  10%  KOH. 
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External  morphological  characters  and  color  patterns 
were  used  by  us  to  group  or  distinguish  the  specimens  in 
the  biting  catches,  although  the  specific  identification 
of  each  species  was  ultimately  based  on  their  spermathecae 
and  other  structures  requiring  high  power  magnification. 
Chaniotis  (1974b)  has  recently  outlined  the  problem  of 
identifying  phlebotomine  sandflies  on  the  basis  of  external 
characteristics  and  has  provided  a key  to  separate  the 
anthropophilic  species  in  Panama. 

Warileya  rot undipenn is  Fairchild  and  Hertig  was  readily 
distinguished  from  the  other  man-biting  species  by  its  dis- 
tinctive wing  shape  and  uniformly  tan  appearance.  L. 
olmeca-bicolor  Fairchild  and  Theodor  was  identified  by  its 
very  distinctive  color  pattern  (Chaniotis,  1974b) . The 
combination  of  pale  wing  scales  and  infuscated  mesonotum 
distinguished  L.  hartmanni  from  the  other  common  man-biting 
species.  Although  L.  cirrita  resembled  L.  hartmanni  in 
external  appearance,  it  was  recognized  by  its  large  size 
and  paler  mesonotum.  L.  osornoi  (Ristorcelli  and  Van  Ty) 
was  another  vexator  group  species  that  was  occasionally 
taken  in  the  biting  catches.  Superficially,  this  species 
is  very  similar  in  appearance  to  L.  hartmanni  although  the 
longer  fifth  palpal  segment  permits  its  separation  under 
high  power  magnification.  Careful  examination  of  eight 
forest  catches  which  had  been  preserved  in  their  entirety 
and  all  of  the  clearing  catches  indicated  that  this  species 
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was  rare,  but  undoubtedly  a few  have  been  misidentif ied  as 
L.  hartmanni . 

L.  trapidoi  and  L.  yuilli  were  readily  distinguished 
from  the  other  common  species  by  their  pale  mesonotums, 
grey  wing  scales,  and  small  size.  However,  we  were  unable 
to  distinguish  these  two  species  by  external  appearance - 
since  L.  trapidoi  and  L.  yuilli  were  not  distinguished  in 
the  first  three  night  collections,  these  collections  were 
not  included  in  the  tabulations  of  these  two  species.  A 
total  of  645  specimens  of  these  two  species,  the  majority 
of  which  were  engorged,  were  not  identified,  and  thus  it 
was  necessary  to  apportion  these  specimens  to  the  period 
in  which  they  were  caught  according  to  the  ratio  of  known 
specimens  in  that  catch  period.  A final  group  character- 
ized by  an  infuscated  mesonotum  and  dark  wing  scales  was 
comprised  of  L.  panamensis , L.  t intinnabula  Christensen  and 
Fairchild,  L.  qomezi,  and  L.  bifoliata  Osorno-Mesa,  Morales- 
Alarcon,  de  Osorno,  and  Munoz  de  Hoyos . Subsequently  we 
were  able  to  separate  these  species  according  to  the  length 
of  their  fifth  palpal  segment  and  the  color  of  the  pronotal 
lobes.  L.  gomezi  and  L.  bifoliata  have  long  fifth  palpal 
segments;  whereas  L.  panamensis  and  L.  tintinnabula  are 
members  of  the  subgenus  P sychodopygus  and  have  very  short 
fifth  palpal  segments.  The  pronotal  lobes  of  L.  tintinna- 
bula and  L.  qomezi  were  almost  white  while  those  of  the 


other  two  species  were  infuscated  and  concolorous  with 


11-43 


the  mesonotum. 

Data  Analysis 

Logarithmic  transformations.  Logarithmic  transforma- 
tions ( log^)  of  actual  catches  vere  frequently  used  in  the 
analyses  presented  in  this  paper.  The  antilogarithm  of  the 
arithmetic  mean  of  logarithms  of  a set  of  numbers  is  the 
geometric  mean  of  these  numbers.  Since  the  catch  of  a 
particular  species  sometimes  was  zero,  log  (x  + K) , where 
K equals  some  constant,  was  used  instead  of  log(x)  to  avoid 
the  problem  of  log{0)  = - oo  . When  there  was  a conversion 
to  antilogarithms  the  constant  (K)  was  subtracted  from  the 
antilogarithm-  The  result  is  close  to  the  geometric  mean 
provided  that  a relatively  small  constant  is  used.  The  use 
of  logarithmic  transformations  for  the  analysis  of  biting 
cycles  has  been  discussed  by  Haddow  (1954) . Insect  catches 
tend  to  be  quite  variable  in  magnitude  and  between  catch 
differences  are  often  of  a multiplicative  (geometric) 
nature  (williams  1937,  1951)  . Through  the  use  of  the  geo- 
metric mean,  the  influence  of  very  large  catches  is  reduced 
since  the  proportion  ^ decreases  with  increasing  size 

of  X where  x is  any  number  greater  than  3. 

In  many  of  the  tables  summarizing  the  catches,  the 
results  were  presented  both  as  absolute  numbers  and  as 
modified  geometric  means.  Individual  catches  were  trans- 
formed to  logarithmic  values  (Haddow  1954,  1960)  . The 
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terminology  of  Haddow  (1960)  and  Kettle  and  Linley  (1967) 
has  been  adopted  for  those  portions  of  the  study  where  the 
additive  constant  was  consistently  1.0.  The  symbol 
represents  the  mean  log  catch: 

M = ^J-og(x+i) 

”l  n 

where  n is  the  number  of  observations.  represents  the 

modified  geometric  mean:  = (antilog  M^^)  - 1.  In  this 

paper  % the  modified  geometric  mean  catch  per  period. 
Log(x+l)  has  the  desired  effect  of  resembling  a square  root 
transformation  for  numbers  up  to  10  and  being  similar  to 
log(x)  for  greater  values  (Steel  and  Torrie  1960)  . The 
modified  geometric  mean  catch  per  night  for  a given  site 
and  level  was  used  for  the  statistical  analyses. 

Temporal  patterns.  The  graphs  of  the  summary  temporal 
patterns  of  biting  activity  were  constructed  from  the  modi- 
fied geometric  means  of  the  catch  periods  (M^)  • These  means 
were  reduced  to  percentages  (Haddow  1960)  to  facilitate 
comparison  of  the  temporal  patterns  between  both  species 
and  habitats.  When  the  temporal  pattern  of  biting  activity 
was  partitioned  by  vertical  level  (Fig.  11-20),  the  modi- 
fied geometric  means  were  not  reduced  to  percentages  as  we 
were  interested  in  the  magnitude  of  the  differences  between 
levels . 

The  graphs  of  the  temporal  patterns  for  individual 
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nights  were  derived  by  converting  the  number  taken  during 
each  catch  period  to  a percentage  of  the  entire  night's 
catch.  Averaging  techniques  such  as  running  means  or  the 
modified  geometric  mean  of  the  three  vertical  levels  were 
not  used  as  they  frequently  caused  excessive  distortion  of 
these  temporal  patterns. 

As  mentioned  earlier,  the  night  catches  consisted  of 
13  consecutive  periods  and  included  the  last  day  catch 
period.  Although  phlebotomine  sandflies  were  seldom  encoun- 
tered during  the  last  day  catch  period,  it  is  included  in 
the  tables  and  graphs  of  the  temporal  patterns  of  biting 
activity  but  is  omitted  from  the  other  tables  concerned 
with  nocturnal  biting  activity  and  from  the  statistical 
analyses. 

Between-site  analyses  of  the  clearing  catches.  A 
small  series  of  night  catches  was  made  at  the  six  clearing 
sites  to  provide  an  indication  of  Phlebotominae  man-biting 
activity  in  a variety  of  vegetative  formations  located  at 
varying  distances  from  the  forest.  First,  the  null  hypothe- 
sis of  no  difference  in  biting  activity  between  the  clear- 
ing sites  was  tested  for  each  of  the  six  most  abundant 
species  and  for  the  entire  population.  A two-way  analysis 
of  variance  with  a randomized  complete  block  design  was 
computed  for  each  of  the  species  and  for  the  entire  popula- 
tion. Differences  between  catches  may  be  of  a geometric 
rather  than  additive  nature  (williams  1951) . Since  the 


standard  analysis  of  variance  model  assumes  the  components 
of  the  variance  are  additive,  the  precision  of  this  analy- 
sis is  lihely  to  be  reduced  if  they  are  multiplicative. 
Therefore,  Tukey's  test  of  non-additivity  (Snedecor  and 
Cochran  1967) , in  conjunction  with  some  preliminary  two-way 
analyses  of  variance,  established  the  necessity  of  a loga- 
rithmic transformation  to  produce  additivity.  Along  with 
additivity,  the  logarithmic  transformation  tended  to  bring 
about  a closer  approximation  to  normality  and  equality  of 
variance.  To  avoid  the  problem  of  zero  values,  a constant 
of  either  1.0  or  0.1  was  added  to  each  of  the  values  used 
in  the  analyses  before  the  transformations  were  made.  The 
constant  used  for  a given  species  was  also  determined  by 
Tukey's  test  of  non-additivity.  The  observations  used  in 
the  analysis  of  variance  for  a given  species  were  thus  the 
transformed  sums  of  the  specimens  taken  on  each  of  the 
nights  at  each  of  the  sites. 

For  those  species  with  statistically  significant  site 
F ratios,  P ^ 0.05,  all  15  simple  differences  between  sites 
were  tested  for  significance  as  was  the  contrast  between  the 
two  forest  margin  sites,  D and  E,  and  the  four  sites  within 
the  clearing.  The  multiple  comparison  method  of  Scheffe 
was  used  as  it  allows  one  to  make  every  contrast  of  inter- 
est without  increasing  the  probability  of  declaring  a con- 
trast significant  when  it  is  not  (Miller  1966,  Nemenyi 
1968) . This  test  may  be  expressed  as 


where  the  c^'s  are  linear  coefficients  which  add  up  to  zero, 

= 0;  the  ' s are  the  means  to  be  tested;  n^  denotes 

the  number  of  catches  in  the  category  whose  mean  is  x^; 

''  2 

and  cr  IS  the  estimated  variance.  In  those  instances  in 
which  the  contrast  between  the  two  groups  of  means,  i.e., 

D + E vs  A#  B,  C,  and  F,  was  significant,  confidence 
limits  were  constructed  according  to  the  method  of  Scheffe. 
The  confidence  intervals  of  all  contrasts  have  half-lengths 
SEV(k-l)FQ  where  SE  is  the  estimated  standard  error,  k 
represents  the  number  of  means  which  can  be  compared,  and 
denotes  the  critical  value  of  F for  a desired  probability 
with  degrees  of  freedom  from  the  analysis  of  variance  for 
the  means  being  tested  and  error  (Nemenyi  1968) . 

For  each  species  the  pattern  of  its  biting  activity 
across  the  six  clearing  sites  was  compared  with  the  pat- 
tern of  each  of  the  other  five  prevalent  species.  The 
abundance  of  each  of  these  species  in  relation  to  each  of 
the  others  was  also  determined.  Again,  two-way  analyses  of 
variance  with  randomized  complete  block  designs  were  used, 
but  the  analyses  were  made  on  log  ratios,  i.e.,  the  log 
transformed  sum  of  specimens  of  one  species  taken  from  a 
given  night  and  site  minus  the  log  transformed  sum  of 


another  species  for  the  same  night  and  site.  Thus,  the 
analysis  of  variance  F ratio  for  testing  equality  of  site 
means  becomes  a test  for  interaction  between  species  and 
sites  and  detects  whether  there  is  a significant  difference 
between  the  patterns  of  biting  activity  of  any  two  given 
species  across  the  six  sites.  In  other  words,  a significant 
F ratio  indicates  that  the  abundance  ratio  of  the  two  spe- 
cies fluctuated  significantly  between  sites.  When  the  F 
ratio  was  significant,  95%  confidence  intervals  based  on 
the  t-distribution  were  calculated  for  the  abundance  ratios 
of  each  site,  providing  an  indication  of  the  relative 
abundance  of  one  species  to  another.  Allowance  could  be 
made  for  the  multiple  comparisons,  i.e.»  six  comparisons 
for  the  ahc.y/e  instance,  that  would  widen  the  confidence 
intervals.  However,  these  comparisons  are  between  means 
of  catches  made  in  the  field  under  the  influence  of  a num- 
ber of  undefined  environmental  and  physiological  variables 
1 

so  that  an  allowance  for  multiple  comparisons  would  be  of 
doubtful  value.  A single  confidence  interval  for  all 
sites  was  calculated  when  the  F ratio  for  interaction 
between  sites  and  two  species  was  not  statistically  sig- 
nificant. In  computing  this  confidence  interval,  the  total 
mean  square  was  used  as  an  estimate  of  variance.  The  main 
effect  F ratio  indicated  whether  there  was  a significant 
difference  in  the  amount  of  biting  activity  between  any 
two  species.  The  95%  confidence  interval  for  all  sites 
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included  1.0  (ratio  1:1)  whenever  the  main  effect  F for 
difference  in  abundance  was  not  statistically  significant. 

Estimates  of  the  diversity  and  evenness  of  man-biting 

activity . The  degree  to  which  the  various  species  cf 

phlebotomine  sandflies  were  attracted  to  a human  host  is 

not  known.  Thus  estimates  of  sandfly  diversity  at  the  six 

clearing  sites  cannot  be  made  from  the  catches.  However, 

estimates  of  the  diversity  of  the  biting  activity  at  the 

various  sites  can  be  made  using 

X.  X. 


h'  = - Z 


zx, 


log 


e SX. 
1 1 


where  X^  is  the  total  catch  of  species  i over  all  the  ob- 
servations. This  formula  gives  a biased  (statistical  sense) 
estimate  of  but  it  is  satisfactory  for  the  purpose  of 
comparing  diversity  of  biting  activity  between  the  six 
clearing  sites. 

The  evenness  or  equitability  index  J (Pielou  1969) 
was  used  as  it  appears  to  be  less  dependent  than  other  meas- 
ures on  the  observed  number  of  species  when  the  number  is 
small,  especially  when  it  is  less  than  ten  (Sheldon  1969) . 
The  number  of  species  taken  at  the  six  sites  varied  from 
6 at  site  A to  11  at  site  E. 

Between- level  and  between-site  analyses  of  the  forest 
catches . Analysis  of  the  night  forest  catches  has  been 
complicated  by  missing  observations  which  were  primarily 
caused  by  interruptions  in  collecting  due  to  heavy  rains. 

As  a result,  the  12  catch  periods  have  unequal  numbers  of 
observations.  Since  catches  in  the  forest  were  conducted 


simultaneously  at  three  levels,  they  were  all  discontinued 
at  the  same  time;  thus  an  equal  number  of  catch  periods  was 
maintained  for  each  level.  Catches  were  made  at  only  two 
forest  sites  per  month  from  September  1970  to  December  1970, 
resulting  in  an  unequal  number  of  catches  between  the  sites. 

The  null  hypothesis  of  no  difference  in  man-biting 
activity  between  the  three  forest  levels  was  tested  by 
means  of  a nonparametric  rank  test  for  comparing  all  pos- 
sible pairs  of  treatments  (Wilcoxon  and  Wilcox  1964) . 
Briefly,  for  p treatments  and  n repetitions  of  the  p treat- 
ments, rank  numbers  are  assigned  for  each  p of  a given 
repetition.  In  our  case,  0 was  assigned  to  the  smallest 
value  and  a rank  of  2 was  given  to  the  largest.  The 
assignment  of  ranks  is  repeated  n times.  The  sum  of  the 
ranks  for  each  treatment  is  obtained  and  all  possible  dif- 
ferences among  these  sums  are  computed.  For  n's  of  25  or 
less,  these  differences  may  be  compared  with  critical  dif- 
ferences associated  with  specific  probabilities  in  a table 
(Wilcoxon  and  Wilcox  1964) . Alternatively,  these  differ- 
ences for  any  n may  be  divided  by  their  standard  deviation 
and  compared  with  a table  of  critical  values  for  rank  sum 
tests  adjusted  for  making  any  and  all  comparisons  among 
several  means  (Nemenyi  1962)  . The  degrees  of  freedom  used 
are  "very  many"  because  of  known  variance.  The  standard 
deviation  of  a difference  between  three  ranks  may  be  ex- 


pressed as  cr  . = N/2np(p+l)  /12  which  reduces  to  v/Sn.  The 
a 
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occurrence  of  ties  is  not  assumed  with  this  standard  error 
formula,  although  a good  approximation  is  achieved  when 
only  a few  are  present.  To  minimize  this  problem,  we 
omitted  those  instances  in  which  all  three  levels  of  a given 
repetition  were  zero. 

The  null  hypothesis  of  no  difference  in  man-biting 
activity  between  the  three  forest  sites  was  tested  for  all 
species  combined  and  for  L.  hartmanni,  L.  trapidoi,  and  L. 
yuilli . An  analysis  of  variance  with  a factorial  design 
was  computed  for  each  of  these  three  species  and  for  the 
entire  population.  These  analyses  were  complicated  by  an 
unequal  number  of  observations  both  between  catch  periods 
and  between  sites.  To  reduce  the  amount  of  missing  data, 
i.e.,the  number  of  catch  periods  with  missing  observations, 
only  the  first  seven  catch  periods  were  used  for  the  analy- 
ses. This  diminished  the  percentage  of  catch  periods  with 
missing  observations  from  22%  to  13%.  Missing  observations 
in  the  last  five  catch  periods  were  especially  numerous  for 
the  Buenos  Aires  1 site  where  values  were  present  for  only 
half  of  the  periods.  When  an  observation  was  missing  from 
one  or  more  of  the  first  seven  catch  periods,  the  mean  of 
the  values  present  was  computed.  This  mean  was  then  sub- 
stituted for  those  catch  periods  with  missing  observations. 
When  observations  were  missing  they  varied  from  one  to 
three,  although  there  was  an  instance  where  four  and  an- 
other where  five  observations  were  absent.  The  creation 
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of  a mean  from  six  values  on  some  occasions  and  from  five 
or  four  on  others  does  introduce  an  additional  source  of 
error  into  the  analyses. 

A general  analysis  of  variance  program,  NWAYl,  from 
the  STATJOB  series  available  from  the  University  of  Wis- 
consin-Madison  Academic  Computing  Center  was  used  for  the 
analyses.  The  number  of  catch  nights  for  the  forest 
studies  varied  by  site  so  that  there  were  14  for  Buenos 
Aires  1,  11  for  Providencia,  and  10  for  Tiroteos.  For 
instances  like  this  where  there  are  an  unequal  number  of 
replicates  between  cells,  NWAYl  does  an  approximate  unequal 
cell  analysis  using  Scheffe's  approximation.^  The  number 
of  catch  nights  used  for  the  analyses  of  L.  trapidoi  and 
L.  yuilli  were  reduced  by  two  for  the  Buenos  Aires  1 site 
and  by  one  for  the  Providencia  site.  The  transformation 
log^(X+l) , where  X is  the  sum  of  the  seven  catch  periods, 
was  applied  to  each  replication  before  the  analyses  of 
variance  were  performed. 

Comparisons  between  sites  were  made  from  the  trans- 
formed site  means  for  each  level  and  for  the  three  levels 
combined.  The  multiple  comparison  method  of  Scheffe  was 
used  for  making  the  contrasts  between  pairs  of  means  as  it 
provides  extra  allowance  for  selection  in  multiple  com- 

^enry  Scheffe,  The  Ana  lysis  of  Variance  (New  York; 
John  Wiley  and  Sons,  Inc  ."i  1959)  , p.  362-63. 
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parisons.  This  test  has  already  been  described  in  relation 
to  the  clearing  data.  The  estimate  of  variance  required 
for  this  method  was  the  mean  square  variation  within  cells 
from  the  analysis  of  variance.  The  Scheffe  critical  values 
of  t were  derived  from  "/(k-l)Fj^  where  k is  the  number  of 
means  which  can  be  compared  and  denotes  the  critical 
value  of  F for  a desired  probability  with  degrees  of  free- 
dom from  the  analysis  of  variance  for  site  and  variation 
within  cells  (Nemenyi  1968) . Since  the  comparisons  between 
sites  were  made  for  each  of  the  three  vertical  levels,  the 
critical  values  of  F used  in  the  above  formula  were  a = 
.05/3  and  a = .01/3.  This  allowance,  derived  from  the 
Bonferroni  inequality,  was  made  to  insure  that  the  error 
probability  per  analysis  did  not  become  greater  than  .05 
(Nemenyi  1968) . This  allowance  was  not  used  for  calculat- 
ing the  Scheffe  critical  values  for  the  comparisons  for 
all  levels  combined.  For  these  comparisons  the  critical 
values  of  F were  a = .05  and  Qt  = .01. 

The  analyses  of  variance  computed  from  NWAYl  (Table 
11-29)  also  provide  an  F ratio  for  levels.  However, 
multiple  comparisons  between  levels  were  not  made  since 
such  comparisons  have  already  been  tested  by  the  nonpara- 
metric  rank  method  described  earlier. 

Polar  ordination  analyses.  In  an  attempt  to  better 
understand  the  distribution  of  the  man-biting  Phlebotominae 
species  over  the  variable  microenvironments  sampled  and  to 
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show  the  relationships  of  these  environments  from  the 
standpoint  of  the  Phlebotominae  population,  a polar  ordina- 
tion analysis  of  the  Bray  and  Curtis  (1957)  type  was 
applied  to  the  series  of  night  catches  made  at  the  forest 
and  clearing  sites.  Over  the  past  10  to  15  years,  polar 
and  principal  component  ordination  techniques  have  become 
widely  used  in  the  analysis  of  plant  communities  (Beals 
1973) . Helpful  introductions  to  these  methods  are  pre- 
sented by  Allen  and  Shagen  (1973),  Orloci  (1966),  and 
Anderson  (1971). 

Ordination  techniques  position  a series  of  points, 
which  may  represent  species,  samples,  or  environmental  fac- 
tors, in  an  N-dimensional  abstract  space  utilizing  geomet- 
ric principles.  The  dimensional  framework  may  likewise  be 
species,  samples,  or  environmental  factors  so  that  a number 
of  species  may  be  placed  as  points  in  sample  space  or  a 
series  of  samples  may  be  placed  as  points  in  species  space. 
The  distances  between  a series  of  points  in  an  N-dimensional 
space  is  a measure  of  their  differences.  When  the  multi- 
dimensional space  is  reduced  to  one,  two,  or  three  dimen- 
sional space  for  the  purposes  of  simplification,  clarifica- 
tion and  graphing,  a certain  amount  of  variation,  i.e., 
information,  is  lost.  However,  the  new  axes  are  chosen  to 
minimize  loss  of  ecological  information. 

In  the  present  study  132  entities  (catches)  are  con- 
sidered. The  series  of  32  catches  made  in  the  forest  over 
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a year's  time  were  separated  by  level,  thus  accounting  for 
96  of  the  entities.  The  remaining  36  represent  the  catches 
made  in  the  clearing  between  March  and  August  of  1971  as 
previously  described.  The  eight  most  abundant  species 
(attributes)  were  used  to  characterize  the  entities.  A 
sum  for  each  of  these  species  was  obtained  for  a night’s 
catch  at  a given  site.  These  sums  were  transformed  to 
square  root  values  in  order  to  reduce  the  influence  of  L. 
hartmanni  which  accounted  for  over  half  of  the  specimens 
taken.  Considerable  ecological  information  about  an  entire 
system  may  be  derived  from  certain  indicator  species  (Allen 
and  Skagen  1973)  which  may  not  be  the  most  abundant.  Since 
the  catches  were  not  all  of  equal  duration,  the  eight 
square  root  values  of  each  entity  were  relativized,  giving 
the  percent  contribution  of  each  species  to  the  total  catch 
which  sums  to  1.0. 

Intercatch  distances  were  calculated  from  the  dis- 
similarity measure  l-2w/(a+b) . This  distance  measure  is 
based  on  the  coefficient  of  similarity  2w/(a+b)  used  by 
Bray  and  Curtis  (1957)  where  ^ is  the  quantitative  scores 
of  species  in  one  entity,  b is  the  quantitative  scores  of 
species  in  another  entity,  and  w is  the  lesser  quantitative 
score  of  species  common  to  both  entities.  In  this  analysis 
the  dissimilarity  measure  actually  becomes  1-w  since  after 
relativizat ion  the  total  score  of  each  entity  was  1.0. 

Beals  (1973)  has  reviewed  the  objections  to  the  use  of  this 
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distance  measure  and  has  concluded  that  the  results  obtained 
from  a Bray  and  Curtis  type  of  ordination  using  the  above 
distance  measure  have  been  more  ecologically  informative 
than  those  obtained  from  more  sophisticated  methods  such  as 
principal  components  analysis. 

Once  the  intercatch  distances  have  been  calculated  an 
axis  is  constructed  on  which  the  entities  are  positioned. 

The  entities  chosen  as  endpoints  for  the  first  axis  could 
be  those  with  the  greatest  intercatch  distance  which  is 
essentially  the  method  used  by  Bray  and  Curtis  (1957) . 

Since  ecological  information  may  be  obscured  by  the  influ- 
ence of  unusual  stands  when  this  method  of  endpoint  selec- 
tion is  used,  Beals  (1973)  has  suggested  that  different 
criteria  for  endpoint  selection,  such  as  using  two  dis- 
similar entities  with  large  variance  in  their  distances 
with  other  entities,  may  be  more  appropriate.  Thus,  in  the 
method  used  by  us,  the  entity  chosen  as  the  first  endpoint 
was  the  one  whose  matrix  of  distances  from  the  other  enti- 
ties had  the  greatest  variance.  Before  the  variance  of 
each  entity's  distance  matrix  was  computed,  zero  values 
were  removed  from  the  matrix.  In  determining  the  second 
endpoint,  a regression  of  the  distances  of  a given  entity 
to  all  other  entities  was  made  against  the  corresponding 
distances  from  the  first  endpoint.  This  was  repeated  for 
each  of  the  other  entities  and  the  entity  with  the  lowest 
regression  coefficient  was^ selected  as  the  second  endpoint. 
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The  method  of  Bray  and  Curtis  (1957)  and  Beals  (1960)  vas 
used  for  the  orthogonal  projection  of  the  entities  onto  the 
first  axis. 

The  construction  of  the  second  and  third  axes  was 
accomplished  by  using  residual  distance  matrices  as  sug- 
gested by  Beals  (1973) . The  distance  between  two  entities 
on  the  first  axis  represents  an  orthogonal  component  of  the 
entire  intercatch  distance  between  these  two  entities.  The 
remaining  orthogonal  component,  i.e.,  the  residual  distance, 
can  be  determined  from  the  Pythagorean  theorem  as  follows: 


- V'’' 


where  dj^^  is  the  distance  between  the  two  entities  (for 
computing  residual  distances  from  the  first  axis,  this  is 
the  intercatch  distance  derived  from  the  dissimilarity 
measure)  and  the  hypotenuse  of  a triangle  with  x^^  ~ ^2j 
as  the  base  and  h.  the  side.  The  base,  x^ . - x_.,  is  the 
distance  between  the  two  entities  on  the  first  axis,  and  hj 
is  the  residual  distance  and  lies  perpendicular  to  the 
first  axis.  A residual  distance  (hj)  is  calculated  for 
every  possible  pair  of  entities  and  thus  a residual  dis- 
tance matrix  is  created  for  each  entity.  The  residual 
distances  were  used  for  selecting  endpoints  of  the  second 
axis  and  for  the  orthogonal  projection  of  the  remaining 
entities  onto  that  axis.  The  methods  of  endpoint  selection 


and  orthogonal  projection  were  the  same  as  those  used  for 
the  first  axis.  The  third  axis  was  similarly  constructed 
from  a new  set  of  residual  distance  matrices  derived  from 
the  second  axis.  This  process  can  be  repeated  to  give  as 
many  additional  axes  as  desired.  Each  new  axis  is  con- 
structed from  the  residual  distance  matrices  of  the  pre- 
ceding axis.  The  methods  of  endpoint  selection  and  axis 

construction  used  in  this  study  have  been  described  and 

2 

rationalized  by  Beals,  Riechert  and  Will-Wolf. 

The  coordinates  for  graphically  positioning  the  enti- 
ties in  two  or  three  dimensional  space  were  derived  from 
the  axes  used  in  the  dimensional  framework.  When  an  entity 
is  projected  onto  an  axis,  its  distance  from  the  base  end- 
point is  its  coordinate  for  that  axis. 

After  the  entity  ordination  was  completed  an  ordination 
of  the  attributes  (species)  was  made.  Both  ordinations 
were  performed  on  a Univac  1110  using  two  programs,  Bray 
and  Curtis  type  ordination  and  graphic  ordination  plotting 
routine,  graciously  loaned  to  us  by  the  University  of  Wis- 
consin plant  ecology  laboratory. 

2 

E.  W.  Beals,  S.  E.  Riechert,  and  S.  Will-Wolf.  The 
use  of  ordination  in  the  analysis  of  niche  space.  Manu- 
script submitted  to  J.  Anim.  Ecol. 
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PHLEBOTOMINAE 


RESULTS 


Summary  of  the  Common  species  Taken 
in  the  Forest  and  Clearing  Catches 

The  species  which  occurred  most  frequently  in  the 
biting  studies  are  listed  in  Table  II-5.  This  table  also 
gives  the  total  number  taken  and  a modified  geometric  mean 
for  each  of  these  species  in  both  the  forest  and  the  clear- 
ing series  of  night  catches.  L.  hartmanni,  L.  trapidoi, 
and  L.  yuilli  accounted  for  91%  of  the  specimens  taken  in 
the  series  of  forest  night  catches;  and  L.  hartmanni,  L. 
gomezi,  L.  yuilli,  and  W.  rotundipennis  accounted  for  89% 
of  the  specimens  taken  in  the  clearing  series.  L.  hartmanni 
dominated  the  man-biting  activity  in  both  habitats.  L. 
trapidoi  and  L.  t intinnabula  were  distinctly  sylvan  whereas 
L.  gomezi  was  taken  primarily  at  the  clearing  sites. 
Between-species  comparisons  of  biting  activity  have  been 
made  for  both  the  forest  and  clearing  habitats  and  are 
presented  in  succeeding  portions  of  the  results.  A list  of 
the  phlebotomine  sandflies  occurring  in  the  Providencia 
region  is  presented  in  Appendix  C. 


57 
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Table  II-5 

Summary  of  the  common  man-biting  species  taken  during 

the  night  catches.^ 


Spec ies 

Forest 

Clearing 

No . of 
catch 
periods 

No. 

taken 

M ^ 

No . of 
catch 
periods 

No. 

taken 

L.  hartmanni 

987 

5422 

2.60 

432 

1361 

1.58 

L.  trapidoi 

924 

2109 

0.91 

432 

77 

0.10 

L.  yuilli 

924 

1204 

0.54 

432 

227 

0.20 

L.  panamensis 

987 

322® 

0.13 

432 

133 

0.15 

L.  tintinnabula 

987 

141® 

0.06 

432 

2 

d 

L.  bifoliata 

987 

104® 

0.06 

432 

11 

- 

L.  qomezi 

987 

95® 

0.05 

432 

384 

0.43 

W.  rotundipennis 

987 

88 

0.05 

432 

219 

0.27 

Others® 

127 

23 

^Catch  period  17  excluded. 

^Mw  is  a modified  geometric  mean  catch  per  period. 
See  text  for  definition. 


^The  numbers  taken  for  L.  panamensis , L.  tintinnabula , 
L.  bifoliata , and  L.  qomezi  are  actually  somewhat  larger 
for  the  forest  habTtat  as  57  specimens  belonging  to  these 
species  were  not  identified. 


not  computed  as  number 


taken  was  very  small. 


^Includes  species  taken  in 
group  of  57  specimens  belonging 
tinnabula , L.  bifoliata , and  L. 


small  numbers  and  the 
to  L.  panamensis,  L.  tin- 
gome  zi  . 
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Vertical  stratification  of  Man- 
biting  Activity  within  the  Forest 

Summary  of  vertical  stratification.  The  vertical 
stratification  for  the  entire  phlebotomine  sandfly  popula- 
tion taken  in  the  forest  series  of  man-biting  catches  is 
presented  in  Table  II-6.  When  the  catches  for  the  three 
sites  vere  combined,  biting  activity  in  the  canopy  was 
greater  than  at  either  of  the  other  two  levels.  The  dif- 
ferences between  the  canopy  and  the  ground  and  between  the 
canopy  and  the  understory  were  declared  to  be  statistically 
highly  significant  by  a nonparametric  rank  test  (Table 
II-7) - However,  the  pattern  of  vertical  stratification  for 
the  entire  population  varied  considerably  between  the  three 
sites  as  is  evident  from  Tables  II-6  and  II-8.  Between-site 
variation  of  biting  activity  was  greatest  in  the  canopy  and 
least  in  the  understory  where  the  modified  geometric  mean 
catch  was  remarkably  similar  at  all  three  sites. 

The  vertical  stratifications  of  man-biting  activity 
for  L.  hartmanni,  L.  trapidoi,  and  L.  yuilli  are  given  for 
each  of  the  forest  sites  in  Tables  II-8  and  II-9  and  are 
summarized  for  the  three  sites  combined  in  Tables  II-7  and 
II-IO.  When  the  catches  for  the  three  forest  sites  were 
considered  together,  the  biting  activity  of  L.  hartmanni 
was  detected  to  be  significantly  (P  < 0.05)  greater  in 
the  canopy  than  at  either  of  the  other  two  levels.  How- 
ever, its  pattern  of  vertical  stratification  varied  between 
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Table  II-6 

The  vertical  stratification  of  man-biting  activity 
by  all  species  combined. 


S ites 

No . of 

catch  periods 

No.  taken 

All  Sites 

ground 

329 

2907 

3.6 

understory 

329 

2153 

3.3 

canopy 

329 

4962 

6.7 

Buenos  Aires 

ground 

119 

1846 

7.1 

understory 

119 

841 

3.4 

canopy 

119 

1731 

7.5 

Providencia 

ground 

103 

541 

2.5 

understory 

103 

686 

3.4 

canopy 

103 

2698 

14.1 

Tiroteos 

ground 

107 

520 

2.2 

understory 

107 

626 

3.3 

canopy 

107 

533 

2.6 

is  a 

modified  geometric  mean 

catch  per 

period . 

See  text  for  definition. 


Comparison  of  the  vertical  stratification  of  man-biting  activity  at 
forest  sites  by  means  of  a rank  test. 
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Table  II-IO 

Vertical  stratification  of  man-biting  activity  of  the  more 
abundant  forest  species.  The  three  forest 
sites  are  combined. 


Species 

No . of 

catch  periods 

No . taken 

L.  hartmanni 

ground 

329 

1989 

2.5 

understory 

329 

1272 

2.2 

canopy 

329 

2161 

3.2 

L.  trapidoi 

ground 

308 

197 

0.4 

understory 

308 

395 

0.7 

canopy 

308 

1517 

2.1 

L.  yuilli 

ground 

308 

341 

0.4 

understory 

308 

225 

0.3 

canopy 

308 

638 

1.0 

is  a 

See  text  for 

modified  geometric  mean 

definition . 

catch  per  period. 

► 


the  individual  sites.  The  man-biting  activity  of  L.  trapi-  ^ 

doi  was  greatest  in  the  canopy  at  all  three  sites:  the 

only  difference  between  the  canopy  and  either  of  the  other 

two  levels  that  was  not  declared  to  be  highly  significant 

was  that  for  the  understory  at  the  Tiroteos  sites,  when 

the  man-biting  catches  of  L.  yuilli  for  the  three  forest 

sites  were  combined,  biting  activity  in  the  canopy  was 

declared  to  be  significantly  greater  than  either  on  the 

ground  or  in  the  understory.  At  the  Buenos  Aires  and  ^ 

Providencia  sites,  its  pattern  of  vertical  stratification 

was  similar  to  that  for  the  three  sites  combined,  but  at 

the  Tiroteos  site  a significant  difference  was  not  detected  ' \ 

between  any  of  the  levels. 

If  the  patterns  of  vertical  stratification  of  L.  hart- 
manni,  L.  trapidoi,  and  L.  yuilli  (Table  II-8)  are  compared 
by  site,  differences  in  vertical  stratification  related  to  ] 

the  site  may  be  distinguished  from  those  due  to  the  species.  I 

Such  comparisons  revealed  that  the  patterns  of  all  three  »i 

t 

species  were  similar  at  the  Providencia  site  but  quite  j 

i 

dissimilar  at  the  Tiroteos  site.  At  both  the  Buenos  Aires  j 

and  Providencia  sites,  the  biting  activity  of  all  three  j 

species  was  greater  in  the  canopy  than  in  the  understory, 
and  these  differences  were  consistently  detected  to  be  i 

highly  significant  (P  - 0.01)  . At  the  Tiroteos  site  a ] 

statistically  significant  difference  between  the  canopy  j 

and  the  understory  was  detected  only  for  L.  hartmanni,  and 


in  this  instance  the  biting  activity  was  greater  in  the 
understory.  Vfhen  the  biting  activity  in  the  canopy  was 
compared  with  that  on  the  ground,  all  three  species  were 
declared  to  have  a highly  significant  preference  for  the 
canopy  at  the  Providencia  site.  With  the  exception ^of 
hartmanni,  this  was  also  true  for  the  Buenos  Aires  site. 

At  the  Tiroteos  site  only  L.  trapidoi  was  found  to  have  a 
statistically  significant  preference  for  the  canopy  over 
the  ground  level.  No  significant  difference  was  detected 
in  the  magnitudes  of  biting  activity  between  the  understory 
and  ground  for  any  of  the  species  at  the  Providencia  site, 
and  at  the  Buenos  Aires  site  only  L.  hartmanni  had  a sta- 
tistically significant  preference  and  this  was  for  the 
ground.  At  the  Tiroteos  site  the  biting  activity  of  L. 
hartmanni  and  L.  trapidoi  was  declared  to  be  significantly 
greater  in  the  understory  than  at  ground  level,  but  no  sig- 
nificant difference  between  these  levels  was  detected  for 
L . yuilli . 

The  vertical  stratifications  of  man-biting  activity 
of  the  less  frequent  forest  species  are  given  in  Table 
II-ll.  The  biting*  activity  of  L.  panamensis  for  the  three 
sites  combined  was  detected  to  be  significantly  (P  ^ 0.05) 
greater  in  the  canopy  than  either  in  the  understory  or  on 
the  ground.  Like  the  three  preceding  species,  the  prefer- 
ence of  L.  panamensis  for  the  canopy  was  most  pronounced 
at  the  Providencia  site  (Table  II-9)  . However,  its 
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Table  II-ll 

Vertical  stratification  of  man-biting  activity  of  the  less 
frequent  forest  species.  The  three  forest 
sites  are  combined. 


Species 

No . of 

catch  periods 

No.  taken 

L.  panamensis 

ground 

329 

50 

0.09 

understory 

329 

65 

0.09 

canopy 

329 

207 

0.21 

L.  tintinnabula 

ground 

329 

135 

0.16 

understory 

329 

4 

0.01 

canopy 

329 

2 

0.00 

L.  bifoliata 

ground 

329 

11 

0.02 

understory 

329 

22 

0.04 

\ 

canopy 

329 

71 

0.12 

L.  qomezi 

ground 

103 

7 

0.04 

understory 

103 

4 

0.03 

canopy 

103 

83 

0.52 

W.  rotundipennis^ 

ground 

103 

37 

0.18 

understory 

103 

21 

0.14 

canopy 

103 

26 

0.16 

is  a modified  geometric  mean  catch  per  period. 
See  text  for  definition. 


Values  from  Providencia  forest  site  only. 
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preference  for  the  canopy  at  this  site  has  been  exagger- 
ated by  an  abnormally  large  catch  in  the  canopy  on  July  7 
of  106  individuals.  With  only  a few  exceptions  the  biting 
activity  of  L,  tintinnabula  was  confined  to  the  ground 
level.  A majority  of  the  specimens  of  L.  bifoliata  were 
taken  in  the  canopy.  This  species'  distinct  preference 
for  the  canopy  at  the  Providencia  site  was  less  apparent 
at  the  Tiroteos  site  (Table  11-12)  . The  vertical  stratifi- 
cations of  man-biting  activity  observed  for  L.  gomezi  and 
W.  rotund ipenn is  are  based  only  on  the  catches  at  the  Provi- 
dencia site  as  they  were  seldom  encountered  at  the  other 
two  forest  sites.  While  gomezi  was  taken  primarily  in 
the  canopy,  a statistically  significant  preference  between 
levels  was  not  detected  for  W.  rotundipennis . 

The  vertical  stratifications  of  man-biting  activity  by 
those  species  infrequently  encountered  are  given  in  Table 
11-13.  The  vertical  stratifications  of  diurnal  man-biting 
activity  are  presented  in  Table  11-14.  The  little  diurnal 
man-biting  activity  that  did  occur  was  primarily  by  L. 
trapidoi  in  the  under story  and  by  L.  panamensis  on  the 
forest  floor.  The  vertical  stratification  of  males  which 
were  occasionally  taken  during  the  biting  studies  is 
presented  in  Table  11-15. 
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Table  11-12 

Vertical  stratification  of  man-biting  activity  of 
L.  t int innabula  and  L.  bifoliata  at  the 
three  forest  sites. 

NO.  taken^ 

species  Buenos  Aires  Providencia  Tiroteos 

L.  tintinnabula 
ground 
understory 
canopy 

L.  bifoliata 
ground 
understory 
canopy 

^The  number  of  catch  periods  is  the  same  as  that 

given  for  L.  panamensis  in  Table  II-9. 


88 

3 

1 

3 

2 

5 


3 
0 
1 

2 

4 
53 


44 

1 

0 

7 

16 

13 


Table  11-13 


Vertical  stratification  of  man-biting  activity  of  those 
species  infrequently  encountered. 


Ground^ 

Understory 

Canopy 

L. 

cirrita 

7 

6 

16 

L . 

osornoi 

2 

1 

6 

L. 

serrana 

1 

2 

4 

L . 

verruca  rum  gr.  sp. 

_b 

- 

7 

L. 

nocticola 

2 

- 

- 

L. 

olmeca -bicolor 

7 

- 

- 

L. 

shannon! 

- 

2 

5 

L. 

spinosa 

- 

1 

1 

^329  catch  periods  per  level. 

dash  indicates  that  no  specimens  were  encountered. 
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Table  11-14 


Vertical  stratification  of  diurnal  man-biting  activity. 


Ground 

^ Understory 

Canopy 

L.  bifoliata 

2 

1 

_b 

L.  qomezi 

1 

1 

2 

L.  hartmanni 

4 

2 

1 

L.  olmeca-bicolor 

1 

- 

- 

L.  panamensis 

10 

5 

- 

L.  tintinnabula 

- 

1 

- 

L.  trapidoi 

5 

14 

1 

L.  yuilli 

1 

4 

1 

W.  rotundipennis 

- 

- 

1 

^592  catch  periods 

per 

leve 1 . 

dash  indicates 

that 

no  specimens  were 

encountered . 
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Table  11-15 

Vertical  stratification  of  males  encountered  on  man 
during  the  biting  studies. 


Ground 


Under story 


Canopy 


L.  hartmanni 


L.  osornoi 


L.  trapidoi 


L.  yuilli 


*329  catch  periods  per  level. 

dash  indicates  that  no  specimens  were  encountered. 


11-80 


Variation  in  Man-biting  Activity 
between  the  Forest  Sites 

Summary  of  between-site  variation.  The  total  number 
of  Phlebotominae  taken  at  each  of  the  forest  sites  is  given 
in  Table  11-16.  The  modified  geometric  mean  catch  for  all 
species  combined  at  the  Tiroteos  site  was  only  about  half 
as  large  as  those  for  the  other  two  sites.  An  analysis  of 
total  biting  activity  during  the  first  seven  catch  periods 
indicated  that  the  F ratios  for  sites,  levels,  and  the 
sites  times  levels  interaction  were  all  significant  at  the 
1%  level  (Table  11-17)  . Thus,  there  is  evidence  of  both  a 
systematic  difference  in  biting  activity  between  the  sites 
regardless  of  level  and  of  a difference  in  biting  activity 
between  the  sites  dependent  upon  level.  A statistically 
significant  contrast  (Table  11-18)  between  a pair  of  sites 
for  all  levels  conODined  suggests  that  there  is  a systematic 
difference  between  the  two  sites  over  the  three  levels, 
although  it  may  also  result  from  the  accumulative  effect  of 
two  contrasts  with  large  values  in  the  same  direction.  The 
highly  significant  (P  ^ 0.01)  Scheffe  contrast  between  the 
Buenos  Aires  and  Tiroteos  sites  for  the  composite  population 
appeared  to  be  due  primarily  to  the  relatively  large  posi- 
tive contrasts  for  the  ground  and  canopy.  A highly  signif- 
icant interaction  in  the  analysis  of  variance  may  be  re- 
flected in  the  Scheffe  contrasts.  Thus,  the  contrasts  for 
all  levels  combined  would  tend  to  be  statistically  not 


Site 

No . of 

catch  periods 

No.  taken 

Buenos  Aires 

357 

4418 

5.7 

Providencia 

309 

3925 

5.2 

Tiroteos 

321 

1679 

2.7 

is  a modified  geometric  mean  catch  per  period. 
See  text  for  definition. 


Table  11-17 


“d.f.  = degrees  of  freedom;  m.s.  = mean  square;  F = variance 
significant  probability. 
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significant,  whereas  the  corresponding  contrasts  for  the 
individual  levels  would  tend  to  be  statistically  signifi- 
cant in  opposite  directions.  For  example,  let  us  consider 
the  contrasts  between  the  Buenos  Aires  and  Providencia 
sites  for  the  composite  population.  A significant  con- 
trast was  not  detected  for  the  three  levels  combined;  how- 
ever, the  contrasts  of  the  individual  levels  varied  con- 
siderably in  magnitude.  Thus,  while  biting  activity  was 
significantly  greater  on  the  ground  at  the  Buenos  Aires 
site,  there  is  an  indication  that  it  was  somewhat  greater 
in  the  canopy  at  the  Providencia  site. 

The  man-biting  activity  of  the  common  forest  species 
is  summarized  for  each  of  the  forest  sites  in  Table  11-19. 
The  modified  geometric  mean  catches  of  L.  hartmanni  for  the 
Buenos  Aires  and  Providencia  sites  were  over  twice  the 
magnitude  of  the  mean  catch  at  the  Tiroteos  site.  In  the 
analysis  of  variance  for  this  species,  the  F ratio  for  sites 
was  declared  to  be  highly  significant,  and  the  sites  times 
levels  interaction  was  statistically  significant  at  the  5% 
level  (Table  11-17) . The  significant  difference  detected 
for  sites  can  be  primarily  attributed  to  a greater  magnitude 
of  biting  activity  at  all  three  levels  at  the  Buenos  Aires 
site  than  at  the  Tiroteos  site  (Table  11-18) . The  signifi- 
cant interaction  is  perhaps  best  reflected  in  the  large 
variation  in  the  size  of  the  contrasts  between  the  Buenos 
Aires  and  Providencia  sites.  Although  the  modified 


i 

1 


>i 

i 

1 
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Table  11-19 


Summary  of  man-biting  activity  by  species  at  the 
three  forest  sites. 


Site 

No . of 
catch 
periods 

No . 
taken 

No . o f 
ca  tch 
periods 

M 

taken  ”v’ 

L. 

hartmann i 

L . panamensis 

Buenos  Aires 

357 

2699 

3.57 

157 

68  0.09 

Providencia 

309 

1893 

3.13 

joy 

184  0.18 

Tiroteos 

321 

830 

1.42 

321 

70  0.12 

L. 

trapidoi 

L.  tintinnabula 

Buenos  Aires 

318 

685 

1.04 

357 

92  0.12 

Providencia 

285 

1045 

1 . 16 

309 

4 0.01 

Tiroteos 

321 

379 

0.61 

321 

45  0.03 

L . 

yuilli 

L.  bifoliata 

Buenos  Aires 

318 

569 

0.88 

357 

9 0.02 

Providenc ia 

285 

344 

0.48 

309 

59  0.10 

Tiroteos 

321 

291 

0 . 30 

321 

36  0.07 

\ “ 

modified 

geometric  mean 

catch  per 

period . 

See  text  for  definition. 
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geometric  mean  catch  of  L.  trapidoi  at  the  Providencia  site 
was  nearly  twice  as  large  as  that  at  the  Tiroteos  site, 
the  F ratio  for  sites  was  not  quite  significant  at  the  5% 
level.  Also,  none  of  the  pairwise  contrasts  for  all  of  the 
levels  combined  was  declared  to  be  statistically  signifi- 
cant, The  sites  times  levels  interaction  for  L.  trapidoi 
was  declared  to  be  very  highly  significant  (P  < 0.001)  and 
this  is  reflected  in  the  pairwise  contrasts  for  the  indi- 
vidual levels  between  the  Buenos  Aires  and  Providencia 
sites  and  between  the  Providencia  and  Tiroteos  sites.  The 
geometric  mean  catch  for  L.  yuilli  at  the  Buenos  Aires  site 
was  nearly  three  times  as  large  as  that  at  the  Tiroteos 
site.  The  F ratios  from  the  analysis  of  variance  for  sites, 
levels,  and  the  interaction  were  all  declared  to  be  very 
highly  significant  (P  S 0.001) . The  two  highly  significant 
contrasts  for  all  levels  combined  reflect  the  greater 
amount  of  biting  activity  by  L.  yuilli  at  the  Buenos  Aires 
site  than  at  either  of  the  other  sites.  The  contrasts 
between  the  Providencia  and  Tiroteos  sites  for  the  ground 
and  understory  are  quite  similar  and  differ  markedly  from 
the  contrast  for  the  canopy. 

When  the  pairwise  contrasts  in  Table  11-18  are  consid- 
ered for  all  three  species,  some  differences  in  biting 
activity  related  to  site  can  be  observed.  The  contrasts 
for  all  levels  combined  suggest  that  the  biting  activities 
of  L.  hartmanni  and  L.  yuilli  were  greater  at  the  Buenos 
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Aires  site  than  at  either  of  the  other  two  sites.  Also,  for 
all  levels  combined,  there  were  no  statistically  signifi- 
cant differences  between  the  Providencia  and  Tiroteos  sites 
for  any  of  the  three  species.  This  indicates  that  none  of 
these  species  had  a distinct  preference  at  all  three  levels 
for  either  site.  With  one  exception,  the  biting  activities 
of  all  three  species  at  ground  level  were  declared  to  be 
significantly  greater  at  the  Buenos  Aires  site  than  at 
either  of  the  other  two  sites.  As  noted  earlier,  in  the 
understory  the  magnitude  of  biting  activity  of  each  species 
was  quite  similar  at  all  three  sites.  In  the  canopy  the 
biting  activities  of  all  three  species  were  declared  to  be 
significantly  greater  at  the  Providencia  site  than  at  the 
Tiroteos  site,  but  no  statistically  significant  differences 
were  detected  between  the  Providencia  and  Buenos  Aires  sites. 

The  total  number  of  individuals  of  each  of  the  less 
abundant  species  taken  in  the  forest  catches  is  given  by 
site  in  Tables  11-19  and  11-20.  L.  panamensis  was  taken 
most  frequently  at  the  Providencia  site  where  the  modified 
geometric  mean  catch  was  twice  as  large  as  that  for  the 
Buenos  Aires  site.  L.  tintinnabula  was  most  abundant  at 
the  Buenos  Aires  site  and  was  rarely  taken  in  the  biting 
catches  at  the  Providencia  site.  L.  bifoliata  was  most 
frequently  taken  at  the  Providencia  and  Tiroteos  sites. 
Man-biting  activity  by  L.  gomezi , W.  rotundipenn is , and 
c irrita  was  almost  entirely  confined  to  the  Providencia  site. 

I 

1 
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Table  11-20 

Distribution  by  site  of  the  species  infrequently  taken 
during  the  night  forest  man-biting  catches. 


Site 

: Buenos  Aires 

Providencia 

Tiroteos 

NO. 

of  catch  periods: 

357 

309 

321 

Species 

L. 

cirrita 

a 

27 

2 

L. 

qomezi 

- 

94 

1 

L. 

noct icola 

- 

- 

2 

L. 

olmeca-bicolor 

2 

4 

1 

L. 

osornoi 

- 

8 

1 

L. 

serrana 

- 

1 

6 

L . 

shannon! 

- 

4 

3 

L. 

spinosa 

1 

- 

1 

L. 

verruca  rum  group  sp. 

2 

3 

2 

W. 

rotundipennis 

- 

84 

4 

dash  indicates  that  no  specimens  were  encountered. 


11-89 
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Variation  in  Man-biting  Activity 
between  the  Clearing  Sites 

Abundance  comparisons.  Total  man-biting  activity  at 
the  six  clearing  sites  for  all  of  the  species  combined  is 
given  in  Table  11-21.  The  magnitude  of  biting  activity 
varied  considerably  between  the  sites.  Larger  numbers  were 
taken  at  the  two  forest-clearing  margin  sites,  D and  E, 
than  at  the  sites  located  within  the  clearing,  i.e.,  sites 
A,  B,  C,  and  F.  The  smallest  number  of  specimens  was  ob- 
tained from  site  A which  was  adjacent  to  the  Rio  Anori  and 
farthest  from  relatively  mature  forest. 

The  man-biting  species  most  frequently  taken  in  the 
clearing  series  of  catches  and  the  percent  of  the  catch 
attributed  to  each  are  as  follows:  L.  hartmanni,  56%; 
gomezi,  16%;  L.  yuilli,  9%;  W.  rotundipenn is , 9%;  L.  pana- 
mensis,  5%;  and  L.  trapidoi,  3%.  The  man-biting  activity 
of  these  species  is  summarized  for  each  of  the  sites  in 
Table  11-22.  L.  hartmanni  was  the  most  abundant  species 
at  all  six  of  the  clearing  sites,  although  L.  gomezi  was 
almost  as  numerous  at  site  C.  A highly  significant  dif- 
ference in  biting  activity  between  the  clearing  sites  was 
detected  for  L.  hartmanni,  L.  gomezi,  L.  yuilli,  L.  trapi- 
doi, and  all  species  combined  (Table  11-23) . For  each  of 
these  species  and  the  composite  population,  a comparison 
was  made  by  means  of  a Scheffe  contrast  between  the  two 
forest-clearing  margin  sites  and  the  four  sites  within  the 


Table  11-21 


Total 

man-biting  activity  at 
for  all  species 

the  six  clearing 

combined . 

sites 

Site 

No . of 

catch  periods 

No.  taken 

A 

72 

97 

0.8 

B 

72 

259 

2.0 

C 

72 

218 

1.7 

D 

72 

574 

3.9 

E 

72 

821 

6.9 

F 

72 

468 

2.6 

X 

See  text 

is  a modified  geometric 
for  definition. 

mean  catch  per  period. 
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Table  11-22 


Summary  of  man-biting  activity  at  the  six  clearing  sites 
by  the  more  abundant  species. 


Site^ 

No.  taken 

No.  taken 

L.  hartmanni 

L.  trapidoi 

A 

75 

0.61 

3 

0.03 

B 

186 

1.45 

2 

0.02 

C 

82 

0.72 

1 

0.01 

D 

349 

2.44 

19 

0.17 

E 

439 

4.00 

36 

0.31 

F 

230  ‘ 

L.  gomezi 

1.50 

16 

L.  yuilli 

0.11 

A 

7 

0.07 

2 

0.02 

B 

35 

0.29 

0 

0.00 

C 

80 

0.59 

13 

0.09 

D 

22 

0.17 

43 

0.32 

E 

154 

1.06 

123 

0.63 

F 

86 

0.63 

46 

0.25 

L.  panamensis 

W.  rotundipennis 

A 

2 

0.02 

8 

0.06 

B 

6 

0.06 

28 

0.21 

C 

7 

0.07 

33 

0.29 

D 

74 

0.41 

63 

0.43 

E 

30 

0.28 

27 

0.24 

F 

14 

0.12 

60 

0.40 

^72 

catch  periods  per 

site . 

% is  a modified  geometric  mean  catch  per  period. 
See  text  for  definition. 
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clearing.  The  comparison  for  L.  gomezi  was  the  only  one 
which  was  declared  to  be  statistically  not  significant. 

The  95%  confidence  intervals  associated  with  the  statisti- 
cally significant  multiple  comparisons  indicate  that  the 
biting  activities  of  L.  hartmanni , L.  yuilli,  L.  trapidoi , 
and  the  composite  population  were  greater  at  the  two  for- 
est margin  sites.  The  confidence  intervals  for  L.  yuilli 
and  L.  trapidoi  are  very  large,  but  they  do  indicate  that 
the  biting  activities  of  these  two  species  were,  respec- 
tively, at  least  2.4  and  2.0  times  greater  at  the  forest- 
clearing margin  than  within  the  clearing. 

When  comparisons  of  biting  activity  were  made  between 
individual  sites  (Table  11-23),  statistically  significant 
differences  were  detected  most  frequently  between  sites  A 
and  E and  between  C and  E.  The  pairwise  comparisons  de- 
clared to  be  statistically  significant  for  L.  hartmanni, 

L.  yuilli,  and  trapidoi  were  always  between  a forest 
margin  site  and  one  of  the  sites  within  the  clearing. 

L.  gomezi  was  the  only  species  for  which  statistically 
significant  differences  were  detected  between  the  sites 
within  the  clearing,  i.e.,  between  A and  C and  between  A 
and  F,  and  between  the  two  forest-clearing  margin  '•  r 
D and  E.  Since  a statistically  significant  d ff. 
biting  activity  between  the  six  clearing  ■ • 

detected  for  W.  rotund ipenn is  and  I i 
multiple  and  pairwise  compari  v 


/ AD-A049  853 
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these  species. 

For  each  species  in  Table  11-22  the  pattern  of  its 
biting  activity  for  the  six  clearing  sites  was  compared 
with  the  pattern  of  each  of  the  other  species  and  estimates 
of  their  similarity  are  given  in  Table  11-24  as  F ratios 
for  interaction  between  species  and  sites.  The  main  effect 
F ratio  (F  for  relative  abundance)  for  each  comparison  was 
used  as  a test  of  significance  for  comparing  the  relative 
abundance,  i.e.,  as  measured  by  biting  activity, of  the  two 
species.  Statistically  significant  differences  were  de- 
tected between  the  pattern  of  the  biting  activity  of  L- 
qomezi  for  the  clearing  sites  and  the  patterns  of  the 
other  species  except  for  that  of  W.  rotundipennis . When 
the  magnitude  of  the  biting  activity  of  L.  gomezi  is  com- 
pared with  that  of  the  other  species,  a significant  differ- 
ence was  detected  for  all  of  the  comparisons  except  for  the 
one  with  W.  rotundipennis . Thus,  the  biting  activities  of 
L.  gomezi  and  W.  rotundipennis  at  the  clearing  sites  were 
similar  in  terms  of  both  the  pattern  of  their  biting  activ- 
ity across  the  six  sites  and  their  abundance.  The  most 
apparent  difference  between  these  two  species  is  in  the 
magnitudes  of  their  biting  activity  at  the  two  forest- 
clearing margin  sites.  A single  confidence  interval  for 
the  abundance  ratio  was  calculated  for  L.  gomezi  and  W. 
rotundipennis  as  the  interaction  between  these  two  species 
and  sites  was  not  declared  to  be  statistically  significant. 


■pcclcawiM  co^srlaons  of  abODdanoc  pattana  aeroaa  tha  ala  elaarlag  altaa. 


nfhanavar  tha  P ratio  for  Intacactlon  batMaan  altaa  and  tha  two  apaclaa  la  atatlatlcally  alqnlflcant,  a aaparata  confldanca  Intaraal  la  coapatad 
(or  aach  alta.  Whan  It  la  oot  atatlatlcally  alyilflcaat,  a alagla  conddanca  Intarval  la  coaputad.  Mota  that  the  confldanca  Interval  Includaa  1.0 
(ratio  111)  ahanavar  tha  aaln  affact  P for  difference  In  abondanca  la  "o*  atatlatlcally  alqnlflcant. 
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Thus,  for  any  one  of  the  six  sites,  L.  gomezi  was  estimated 
to  be  between  0.85  and  2.7  times  as  abundant  as  w.  rotundi- 
pennis . A statistically  significant  difference  between  the 
patterns  of  biting  activity  of  two  species  for  the  clearing 
sites  indicates  that  the  ratios  of  their  biting  activity 
vary  significantly  between  some  of  the  sites.  In  these 
instances  separate  confidence  intervals  have  been  con- 
structed for  each  of  the  sites.  For  example,  the  F ratio 
for  interaction  between  species  and  sites  for  the  compari- 
son of  L.  hartmanni  and  L.  gomezi  was  declared  to  be 
highly  significant.  Inspection  of  the  confidence  intervals 
for  the  individual  sites  reveals  a range  in  the  lower  limits 
from  0.6  at  site  C to  10.7  at  site  D.  A significant  differ- 
ence was  not  detected  between  the  pattern  of  biting  activity 
of  L.  panamensis  for  the  clearing  sites  and  the  patterns  of 
any  of  the  other  species  except  L.  gomezi . Significant  dif- 
ferences were  not  detected  for  the  comparisons  between 
panamensis , yuilli,  and  L.  trapidoi  for  either  their 
patterns  of  biting  activity  across  the  clearing  sites  or 
their  relative  abundances.  The  relative  abundance  of  L. 
hartmanni  was  declared  to  be  highly  signif icantly  greater 
than  that  of  any  of  the  other  species. 

Diversity  and  evenness  of  Phlebotominae  man-biting 
activity . The  lowest  values  of  diversity  and  evenness 
Were  associated  with  the  two  sites  farthest  from  mature 
forest,  i.e.,  sites  A and  B (Table  11-25)  . The  estimates 
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Table  11-25 


Diversity  and  evenness  of  phlebotominae  man-biting 
activity  at  the  six  clearing  sites. 


site 

Species  ^ 
diversity 

H' 

Species  ^ 
evenness** 

J' 

A 

0.86 

0.48 

B 

0.92 

0.47 

C 

1.37 

0.70 

D 

1.28 

0.58 

E 

1.39 

0.58 

F 

1.52 

0.69 

^Natural 

logarithms  (log^)  were 

employed. 

0 


of  diversity  for  the  two  edge  sites,  D and  E,  were  slightly 
less  than  that  for  site  F at  the  margin  of  pioneer  vegeta- 
tion but  similar  to  that  for  site  C within  the  pasture. 

The  estimates  of  evenness  or  equitability  for  the  two  edge 
sites  were  equal  and  intermediate  between  the  low  values 
for  sites  A and  B and  the  higher  values  for  the  two  most 
exposed  sites,  C and  F. 


Differentiation  of  Microenvironments  and 
Species  on  the  Basis  of  the  Man-bitinq  Catches 

The  first  three  axes  of  the  ordination  of  the  132 
night  catches  in  eight  dimensional  species  space  are  pre- 
sented in  Figs.  II-8  and  II-9.  An  ordination  of  the  eight 
species  in  the  space  of  the  catches  is  given  in  Fig.  II -10. 
The  latter  ordination  provides  a visual  means  of  express- 
ing the  degree  of  similarity  between  these  species  as  indi- 
cated by  Certain  aspects  of  their  man-biting  activity.  A 
listing  of  the  raw  data  for  the  ordination  of  the  catches 
is  given  in  Appendix  D. 

Microenvironment  ordination.  The  ordination  of  the 
catches  as  points  in  species  space  will  be  considered  first 
Fig.  II-8  shows  that  the  first  axis  separated  the  catches 
made  in  the  forest  canopy  (right  end  of  the  axis)  from 
those  taken  at  the  sites  within  the  clearing  (left  end  of 
the  axis) . The  catches  for  ground  level  at  all  three  for- 
est sites,  for  the  understory  at  the  Providencia  site. 
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FIGURE  II-9 

The  first  and  third  axes  of  the  ordination  of  the  forest 
and  clearing  night  catches.  The  first  ordination  axis 
is  the  abscissa  and  the  third  is  the  ordinate.  For  key 
to  symbols,  see  legend  to  Fig.  II-8. 
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FIGURE  II -10 

A scatter  diagram  of  the  species  taken  most  frequently  in 
the  man-biting  catches.  The  species  are  in  the  space  of 
the  first  three  ordination  axes.  The  squares  may  be  con- 
sidered as  the  heads  of  pins  which  are  standing  on  the 
inclined  plane  of  the  first  and  third  ordination  axes. 

The  horizontal  axis  represents  the  first  ordination  axis. 
The  length  of  the  pins  indicates  their  position  on  the 
second  axis. 


and  for  the  two  edge  sites,  D and  E,  tend  to  be  concen- 
trated at  the  center  of  the  axis.  The  canopy  catches  were 
dominated  by  L.  hartmanni,  jL.  trapidoi,  and  yuilli . The 
presence  of  both  L.  trapidoi  and  L.  yuilli,  with  one  or 
both  occurring  in  relatively  large  numbers,  and  an  absence 
of  L.  tintinnabula  tended  to  be  characteristic  of  the  canopy 
catches.  The  biting  activity  of  L.  yuilli  and/or  L.  trapi- 
doi was  similar  in  magnitude  to  that  of  L.  hartmanni  in  the 
catches  at  the  extreme  right-hand  end  of  the  axis.  L. 
panamensis  was  frequently  present  in  the  canopy  catches  in 
small  numbers.  L.  hartmanni  was  ubiquitous,  occurring  in 
all  132  of  the  catches.  The  catches  for  clearing  sites  B, 

C,  and  A,  which  are  positioned  at  the  left-hand  end  of  the 
first  axis,  were  characterized  by  an  absence  of  L.  trapidoi, 
L.  yuilli,  L.  tintinnabula , and  L.  bifoliata . Both  L. 
qomezi  and  W.  rotundipennis  were  nearly  always  present  in 
these  catches,  although  the  latter  species  usually  occurred 
in  small  numbers.  L.  panamensis  was  present  in  about  half 
of  the  catches.  Although  L.  trapidoi  and  usually  L.  yuilli 
were  present  in  the  catches  near  the  center  of  the  first 
axis,  they  tended  to  occur  at  a magnitude  much  less  than 
that  of  L.  hartmanni . 

The  second  axis  (Fig.  II-8)  has  separated  many  of  the 
ground  and  understory  catches  at  the  Buenos  Aires  site 
and  understory  catches  at  the  Providencia  site  (upper  end 
of  the  axis)  from  the  catches  for  clearing  sites  C,  F,  and 
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E and  some  of  the  canopy  catches  at  the  Providencia  site  j 

(lower  end  of  the  axis) . The  understory  and  ground  level 
catches  near  the  upper  end  point  were  dominated  by  L.  hart- 
manni  and  rarely  contained  any  other  species  except  L. 
trapidoi  which  was  also  occasionally  absent.  The  catches 
somewhat  below  the  end  point  tended  to  have,  in  addition, 
small  numbers  of  L.  yuilli  and  occasionally  another  spe-  i 

cies.  At  the  opposite  end  of  this  axis,  species  diversity 
became  considerably  greater.  L.  gomezi,  W.  rotundipennis , ^ 

panamensis,  and  L.  yuilli  were  nearly  always  present  and 
the  combined  total  of  these  species  exceeded  that  of  L. 

» 

hartmanni . 


Together,  the  first  two  axes  have  quite  distinctly 
differentiated  the  clearing  sites  B,  C,  E,  and  F from  the 
forest  sites  (Fig.  II-8) . Clearing  sites  A and  D tend  to 
be  more  closely  associated  with  the  ground  and  understory 
catches  at  the  Providencia  site  and  the  ground  catches  at 
the  Tiroteos  site.  The  canopy  and  understory  catches  at 
the  Buenos  Aires  site  are  clustered  in  the  upper  right-hand 
corner  of  the  ordination  and  were  composed  almost  exclu- 
sively of  hartmanni,  L.  trapidoi,  and  L.  yuilli . L. 
trapidoi  tended  to  be  quite  numerous  in  these  catches  but 
was  somewhat  less  abundant  than  L.  hartmanni . The  canopy 
catches  at  the  Providencia  site  are  positioned  directly 
below  those  for  the  Buenos  Aires  canopy  and  understory. 

The  Providencia  canopy  catches  were  primarily  distinguished 

• i 
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from  the  latter  by  having  a greater  number  of  species.  In 
addition  to  the  three  species  taken  at  the  Buenos  Aires 
site,  L.  qomezi,  L.  bifoliata,  W.  rotundipennis,  and  L. 
panamensis  were  present  in  nearly  all  of  these  catches. 

Many  of  the  forest  ground  level  catches  are  positioned  to 
the  left  of  the  Buenos  Aires  canopy  and  understory  catches. 
These  ground  level  catches  differed  from  the  latter  by  hav- 
ing a higher  percentage  of  L.  hartmanni  relative  to  h. 
trapidoi  and  by  the  presence  of  one  or  two  additional  spe- 
cies. L..  tintinnabula  usually  occurred  in  the  ground  level 
catches  at  the  Buenos  Aires  site,  and  W.  rotundipennis  was 
regularly  taken  on  the  forest  floor  at  the  Providencia 
site.  L.  panamensis  was  present  in  half  of  the  ground 
level  catches.  The  catches  for  clearing  sites  B,  C,  E, 
and  F are  the  furthest  away  from  the  Buenos  Aires  canopy 
and  understory  catches  and  thus  are  the  most  dissimilar. 

W.  rotundipennis  and  L.  gomezi  were  consistently  present 
in  these  catches,  but  with  the  exception  of  site  E, 
trapidoi  and  L.  yuilli  were  usually  absent.  L.  panamensis 
was  also  frequently  present.  The  catches  for  these  clear- 
ing sites  form  groups  which  partially  overlap  from  site  B 
at  the  extreme  left  to  site  E at  the  lower  center  of  the 
ordination . 

The  third  axis,  the  Z axis  in  Fig.  II-9,  positions  the 


ground  level  catches  for  the  Buenos  Aires  and'Tiroteos 
sites  and  a number  of  Buenos  Aires  under story  catches  at 
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the  upper  end  of  the  axis  and  many  of  the  canopy  and  under- 
story catches  fcr  the  Tiroteos  and  Providencia  sites  at  the 
lower  end-  The  catches  near  the  upper  end  point  tended  to 
have  L.  yuilli  present  in  larger  nun±)ers  than  L.  trapidoi . 
L.  tintinnabula  was  frequently  present  and  occurred  in 
relatively  large  numbers  in  the  few  instances  where  L. 
trapidoi  was  more  abundant  than  yuilli . Although  L. 
bifolia ta  was  absent  from  the  catches  at  the  upper  end  of 
the  Z axis,  it  was  nearly  always  present  in  the  catches  at 
the  lower  end.  The  catches  near  the  lower  end  point  char- 
acteristically had  trapidoi  more  abundant  than  L.  yuilli 
and  consistently  lacked  L.  tintinnabula . L.  panamensis 
occurred  in  a uniform  proportion  of  the  catches  along  the 
entire  length  of  the  Z axis. 

Species  ordination.  The  first  three  axes  of  the  ordi- 
nation of  the  eight  species  as  points  in  the  space  of  the 
catches  is  given  in  Fig.  II-IO.  W.  rotundipennis  and,  to 
a less  extent,  L.  gomezi  are  separated  from  the  other  spe- 
cies on  the  first  axis.  Both  of  these  species  were  present 
in  nearly  all  of  the  clearing  catches  but,  with  few  excep- 
tions, were  taken  in  the  forest  catches  only  at  the  Provi- 
dencia site.  These  two  species  differed  from  each  other 
in  their  biting  activity  at  the  two  edge  sites,  D and  E, 
and  in  their  pattern  of  vertical  stratification  at  the 
Providencia  forest  site.  Although  not  considered  by  the 
ordination,  they  also  differed  in  their  temporal  pattern 
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of  biting  activity.  The  second  axis  clearly  differentiates 
L.  tintinnabula  which,  unlike  the  other  species,  was  taken 
almost  exclusively  at  ground  level.  L.  tintinnabula  was 
encountered  primarily  at  the  Buenos  Aires  and  Tiroteos 
sites  and  was  rarely  taken  in  the  clearing  catches. 

Fig.  II-IO  suggests  that  L.  panamensis,  L.  hartmanni, 

L.  yuilli,  L.  bifoliata , and  perhaps  trapidoi  were  rather 
similar  in  their  biting  activity;  however,  some  factors 
such  as  diel  periodicity  were  not  considered  in  the  ordina- 
tion. Some  of  the  more  apparent  similarities  and  differ- 
ences in  the  man-biting  activity  of  these  five  species  have 
already  been  described  in  preceding  portions  of  this  chap- 
ter and  form  the  basis  of  the  following  comparisons.  The 
biting  activity  of  each  of  these  species  varied  in  magni- 
tude between  the  three  forest  sites  (Table  11-19) . In 
some  instances  the  between-site  differences  were  detected 
to  be  statistically  significant  (Table  11-18) . L.  hart- 
manni and  L.  yuilli  had  rather  similar  ratios  of  biting 
activity  between  the  three  forest  sites:  both  were  taken 
in  substantially  greater  numbers  at  the  Buenos  Aires  site 
than  at  either  of  the  other  two  locations.  L.  bifoliata, 
however,  was  seldom  encountered  at  the  Buenos  Aires  site 
j and  occurred  in  greatest  nun^ers  at  the  Providencia  site. 

L.  trapidoi  and  L.  panamensis  were  also  most  numerous  at 
the  Providencia  site.  The  total  biting  activity  of  each 
of  these  five  species  was  greater  in  the  canopy  than  either 
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in  the  understory  or  on  the  forest  floor.  However,  the 
proportion  of  the  catch  occurring  in  the  canopy  varied  con- 
siderably between  the  species  and  was  greatest  for  L. 
bifoliate  and  L.  trapidoi . Statistically  significant  dif- 
ferences were  detected  between  the  clearing  sites  for  the 
man-biting  activity  of  L.  hartmanni,  L.  trapidoi,  and  L. 
yuilli . The  biting  activity  of  each  of  these  three  species 
was  declared  to  be  significantly  more  abundant  at  the  two 
edge  sites,  D and  E,  than  at  the  sites  within  the  clearing. 
Although  L.  panamensis  was  also  taken  in  greater  numbers  at 
the  two  forest-clearing  margin  sites  than  at  the  sites 
within  the  clearing,  a statistically  significant  difference 
was  not  detected  between  these  two  groups  of  sites.  L. 
bifoliata  was  seldom  encountered  in  the  clearing  catches. 

The  magnitude  of  biting  activity  between  the  forest  and 
clearing  habitats  was  either  relatively  similar  as  for  L. 
panamensis  and  L.  hartmanni  or  decidedly  greater  at  the 
forest  sites.  With  the  exception  of  L.  panamensis,  these 
species  did  not  appear  to  have  large  seasonal  fluctuations 
in  biting  activity. 

Neither  the  habitat  nor  the  species  ordinations  appear 
to  have  been  discernibly  influenced  by  seasonality,  although 
this  may  be  due  to  the  relatively  small  sample  size. 
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Sununarization  of  the  Temporal  patterns 
of  Man-biting  Activity  in  the  Forest 
and  Clearing  Habitats 

The  summary  temporal  patterns  of  nocturnal  man-biting 
activity  for  the  entire  population  and  for  L.  hartmanni, 

L.  trapidoi,  L.  yuilli,  and  L.  panamensis  are  presented  in 
Figs.  II-ll  to  11-15  for  both  the  forest  and  clearing  habi- 
tats. The  number  of  specimens  obtained  and  the  modified 
geometric  mean  catch  per  period  are  given  in  Tables  11-26 
to  11-29.  The  daytime  catch  periods  were  not  included  in 
the  graphs  because  diurnal  biting  by  phlebotomine  sandflies 
was  infrequent  (Table  11-30)  in  the  Providencia  study  area. 

within  the  forest  there  were  extensive  variations 
between  nights  in  the  temporal  pattern  of  the  man-biting 
activity  of  L.  hartmanni  (Fig.  11-16)  . There  were  vari- 
ations in  both  the  time  of  maximum  biting  activity  and  in 
the  shape  of  the  nightly  temporal  patterns.  In  Fig.  11-17 
the  nightly  temporal  patterns  presented  in  Fig.  11-16  are 
partitioned  by  vertical  level.  On  most  of  these  nights, 
there  tended  to  be  sharp  peaks  in  biting  activity  at  two 
or  all  three  of  the  levels.  These  peaks  appeared  to  be 
somewhat  synchronized,  usually  occurring  within  one  or  two 
catch  periods  of  each  other.  There  is  no  indication  that 
the  biting  activity  of  L.  hartmanni  consistently  reached  a 
peak  earlier  at  one  level  than  at  either  of  the  other  two. 

A summarization  by  level  of  the  nightly  temporal  patterns 
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FIGURE  II- 11 

Summary  temporal  patterns  of  man-biting  activity  in  forest 
and  clearing  habitats  by  all  species  combined  based  on 
modified  geometric  means  converted  to  percentages.  Each 
catch  period  approximates  the  corresponding  hour  as 
described  in  the  text. 
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FIGURE  11-12 

Summary  temporal  patterns  of  man-biting  activity  in  forest 
and  clearing  habitats  by  L.  hartmanni  based  on  modified 
geometric  means  converted  to  percentages.  Each  catch  period 
approximates  the  corresponding  hour  as  described  in  the 

text . j 
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FIGURE  11-13 

Summary  temporal  patterns  of  man-biting  activity  in  forest 
and  clearing  habitats  by  L.  trapidoi  based  on  modified 
geometric  means  converted  to  percentages.  Each  catch 
period  approximates  the  corresponding  hour  as  described  in 
the  text . 


FIGURE  11-14 

Summary  temporal  patterns  of  man-biting  activity  in  forest 
and  clearing  habitats  by  L.  yuilli  based  on  modified  geo- 
metric means  converted  to  percentages.  Each  catch  period 
approximates  the  corresponding  hour  as  described  in  the 


FIGURE  11-15 

Sununary  temporal  patterns  of  man-biting  activity  in  forest 
and  clearing  habitats  by  L.  panamensis  based  on  modified 
geometric  means  converted  to  percentages.  Each  catch 
period  approximates  the  corresponding  hour  as  described  in 
the  text . 
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Table  11-26 


Sununary  by  catch  period  of  all  individuals,  regardless  of 
species,  taken  in  the  night  catches  for  the  forest 
and  clearing  habitats. 

Catch 

period 

Forest 

Clearing 

No . of 
catch 
periods 

No. 

taken 

NO.  of 
catch 
periods 

NO. 

taken 

17 

96 

8 

.1 

30 

0 

.0 

18 

99 

531 

2.0 

36 

220 

3.0 

19 

93 

1,  159 

4.5 

36 

419 

5.7 

20 

102 

1, 116 

4.5 

36 

359 

4.9 

21 

96 

1,  380 

5.7 

36 

343 

4.8 

22 

90 

1,064 

5.3 

36 

239 

4.0 

23 

87 

953 

6.0 

36 

144 

2.4 

24 

81 

893 

5.9 

36 

225 

2.5 

01 

69 

791 

5.3 

36 

141 

1.7 

02 

72 

723 

5.8 

36 

116 

1.5 

03 

66 

655 

4.4 

36 

69 

1.2 

04 

69 

506 

3.3 

36 

77 

1.1 

05 

63 

250 

1.6 

36 

85 

1.3 

TOTALS 

1,083 

10,029 

- 

462 

2,437 

- 

% 

is  a modified  geometric 

mean  catch  per  period. 

See  text  for  definition. 
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Summary  by  catch  period  of  individuals  taken  in  the  forest  night  catches  for  L.  hartmanni. 
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modified  geometric  mean  catch  per  period.  See  text  for  definition. 


Table  11-28 

Summary  by  catch  period  of  individuals  taken  in  the  forest 
night  catches  for  L.  trapidoi  and  yuilli . 

The  three  levels  are  combined. 


L.  trai 

iidoi 

L.  yuilli 

Catch 

period 

No . of 

catch  periods 

No . 
taken 

No. 

taken 

17 

87 

3 

0.02 

0 

0.00 

18 

90 

49 

0.24 

87 

0.44 

19 

84 

119 

0.71 

134 

0.64 

20 

93 

137 

0.73 

104 

0.51 

21 

87 

213 

1.16 

116 

0.63 

22 

81 

190 

0.90 

76 

0.36 

23 

78 

199 

1.19 

86 

0.52 

24 

78 

251 

1.42 

65 

0.39 

01 

66 

220 

1.15 

197 

0.80 

02 

72 

231 

1.39 

92 

0.75 

03 

66 

232 

1.13 

130 

0.72 

04 

69 

206 

1.08 

66 

0.53 

05 

60 

62 

0.37 

51 

0.30 

TOTALS 

2,  112 

- 

1,  204 

- 

% 
See  text 

is  a modified 
for  definition 

geometric  mean  catch 

per  period 

• 

I 
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periods 
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1 

07 

156 

1 

1 

2 

_b 

1 

4 

3 

- 

08 

168 

1 

- 

1 

- 

2 

- 

1 

- 

09 

174 

- 

1 

2 

1 

3 

- 

1 

- 

10 

174 

- 

- 

2 

- 

- 

1 

2 

1 

11 

174 

- 

2 

- 

- 

2 

- 

2 

- 

12 

171 

- 

- 

- 

- 

- 

- 

- 

- 

13 

171 

- 

- 

- 

- 

- 

1 

1 

- 

: 

V 

14 

171 

- 

- 

- 

- 

4 

- 

- 

- 

15 

171 

- 

- 

- 

- 

3 

- 

2 

- 

16 

150 

- 

- 

- 

- 

2 

- 

1 

- 

TOTALS 

2 

4 

7 

1 

17 

6 

13 

1 

“summarized  over  sites  and  vertical  levels.  The 
diurnal  catch  period  17  is  included  in  Tables  11-27  and 
11-28  with  the  nocturnal  catch  periods. 

dash  indicates  that  no  specimens  were  encountered. 


tintinnabula 


Per  Cent 


Catch  Periods 


FIGURE  11-16 

Variation  between  nights  in  the  temporal  pattern  of  the  man 
biting  activity  of  L.  hartmanni  for  selected  forest  catches 
Key  to  symbols:  BA  = Buenos  Aires  1 platform  site,  P = 
Providencia  platform  site,  T = Tiroteos  platform  site,  and 
n = the  total  number  of  individuals  of  this  species  taken 
throughout  the  night  for  all  three  vertical  levels  combined 
All  dates  are  for  1971. 
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of  the  biting  activity  of  L.  ha rtma nn i is  not  presented 
since  an  averaging  of  such  highly  variable  biting  activity 
would  tend  to  distort  its  true  nature. 

There  was  also  a considerable  amount  of  between-night 
variation  in  the  temporal  biting  pattern  of  L.  hartmanni 
for  the  clearing  catches  (Fig.  11-18) . The  extent  of 
between-night  differences  in  the  temporal  biting  pattern  at 
each  clearing  site  appeared  to  be  partially  related  to  the 
site,  e.g.,  the  temporal  pattern  at  site  E was  quite  variable 
while  at  site  D it  was  relatively  uniform  (Fig.  11-18) . 

Most  of  the  catches  at  sites  A,  B,  C,  and  F contained  an 
insufficient  number  of  individuals  to  be  meaningfully 
graphed.  The  modified  geometric  mean  catches  for  periods 
18  through  21  were  similar  between  the  forest  and  clearing 
habitats  but  became  substantially  reduced  in  the  latter 
after  2100  hours. 

The  biting  activity  of  L.  trapidoi  also  tended  to  be 
concentrated  earlier  in  the  clearing  than  in  the  forest 
habitat  (Fig.  11-13) - However,  the  modified  geometric  mean 
of  each  catch  period  was  consistently  larger  for  the  forest 
than  the  clearing  habitat.  The  biting  activity  of  L.  trapi- 
doi at  the  clearing  sites  occurred  at  such  a low  magnitude 
(Table  II-5)  that  further  meaningful  observations  concerning 
the  temporal  pattern  of  its  biting  activity  in  this  habitat 
cannot  be  made.  Fig.  11-19  indicates  that  within  the  forest 
there  was  considerable  variation  between  nights  in  the 
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E Mor.  5 


6 April  6 


E May  7 


K E Jpn*  4 


E July  22 
nz86 


B May  6 
n=  4l 


E Aug.  5 
ns  33 


B July  21 


F Mor.  5 
ns  126 


C Mor.  5 


D April  5 


D Moy  6 


D July  21 


Catch  Periods 


FIGURE  11-18 


Variation  between  nights  in  the  temporal  pattern  of  the 
man-biting  activity  of  L.  hartmanni  for  selected  clearing 
catches.  Key  to  symbols:  A to  F = the  six  clearing  sites 
and  n = the  total  number  of  individuals  of  this  species 
taken  throughout  the  night.  All  dates  are  for  1971. 
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BA  Feb.  10  1 

[ BA  Mar.  10 

[ BA  April  14 
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BA  June  8 

P Jon.  29 
n:  310 


P Feb.  9 
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P April  29 
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T July  5 
n:  63 


T Aog  n 
, n:35 
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P July  7 
n:  167 


T Ocf.  19 
n:85 


FIGURE  11-19 

Variation  between  nights  in  the  temporal  pattern  of  the 
man-biting  activity  of  L.  trapidoi  for  selected  forest 
catches.  Key  to  symbols:  BA  = Buenos  Aires  1 platform 
site,  P = Providencia  platform  site,  T = Tiroteos  platform 
site,  and  n ==  the  total  number  of  individuals  of  this 
species  taken  throughout  the  night  for  all  three  vertical 
levels  combined.  All  dates  are  for  1971. 
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temporal  pattern  of  biting  activity  and  that  prominent  j 

peaXs  in  biting  activity  occurred  on  a number  of  the  nights. 

Figs.  11-13  and  11-20  thus  present  a distortion  of  the 
nightly  temporal  patterns  of  biting  activity  which  were 
frequently  in  the  form  of  a transient  wave.  However,  Table 

! 

11-31  and  Fig.  11-20  do  indicate  that  the  biting  activity 
of  L.  trapidoi  at  the  ground  and  understory  levels  was  not 
concentrated  in  a limited  portion  of  the  night.  An  exami- 
nation of  the  catches  for  individual  nights  indicated  that  ^ 

there  frequently  was  some  synchronization  of  biting  activity 
between  the  three  vertical  levels;  however,  there  was  no 
evidence  that  the  biting  activity  of  this  species  tended  to  ' 

reach  a peak  at  one  level  before  reaching  a peak  at  another. 

Fig.  11-20  also  reveals  that  very  little  biting  activity 
occurred  at  ground  level  during  the  first  three  catch 
periods  after  sunset.  Although  sample  size  was  insufficient 
to  determine  the  extent  of  between-site  variation  in  the 
temporal  patterns  of  biting  activity,  no  striking  differ- 
ences were  apparent. 

The  man-biting  activity  of  L.  yuilli  tended  to  be 
concentrated  somewhat  earlier  in  the  clearing  than  in  the 
forest  habitat  (Fig.  11-14) . As  with  L.  trapidoi,  the 
modified  geometric  mean  of  each  catch  period  was  larger  for 

i 

the  forest  than  the  clearing  habitat  (Tables  11-28  and  ] 

i 

11-29)  . Again,  the  summary  temporal  patterns  (Fig.  11-14)  j 

distorted  the  nature  of  the  nightly  biting  activity.  The  | 
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Cofch  Periods 


FIGURE  11-20 

Sununary  temporal  patterns  of  man-biting  activity  at  three 
levels  within  the  forest  for  L.  trapidoi  based  on  modified 
geometric  means.  Each  catch  period  approximates  the 
corresponding  hour  as  described  in  the  text. 
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Table  11-31 

Summary  of  individuals  taken  in  the  forest  night  catches  by 
vertical  level  and  catch  period  for  ^ trapidoi . 


Catch 

period 

No.  of 
catch 
periods 

Ground 

leve  1 

Understory 

canopy 

No. 

taken 

No. 

taken 

No. 

taken 

17 

29 

2 

0.04 

1 

0.02 

0 

0.00 

18 

30 

1 

0.02 

5 

0.12 

43 

0.66 

19 

28 

18 

0.32 

20 

0.43 

81 

1.68 

20 

31 

12 

0.20 

43 

0.83 

82 

1.39 

21 

29 

31 

0.57 

52 

0.89 

130 

2.41 

22 

27 

25 

0.51 

38 

0.69 

127 

1.70 

23 

26 

25 

0.54 

36 

0.77 

138 

2.88 

24 

26 

34 

0.66 

51 

0.98 

166 

3.30 

01 

22 

7 

0.21 

20 

0.63 

193 

4.02 

02 

24 

14 

0.41 

56 

1.37 

161 

3.06 

03 

22 

10 

0.29 

35 

0.88 

187 

2.99 

04 

23 

11 

0.32 

36 

0.89 

159 

2.63 

05 

20 

9 

0.33 

3 

0.11 

50 

0.73 

TOTALS 

199 

- 

396 

- 

1,517 

- 

is  a modified  geometric  mean  catch  per  period. 
See  text  for  definition. 
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temporal  pattern  of  the  man-biting  activity  of  L.  yuilli 
was  quite  variable  from  one  night  to  another  (Fig.  11-21) 
and  often  there  was  a sudden,  pronounced  surge  in  biting 
activity  lasting  for  only  one  or  two  catch  periods.  An 
extreme  example  occurred  on  April  13  at  the  Tiroteos  site 
where  over  one  half  of  the  individuals  tahen  there  at 
ground  level  were  captured  during  a single  catch  period.  A 
nightly  pattern  of  vertical  movement  was  not  apparent  from 
the  biting  catches.  On  many  of  the  nights  there  appeared 
to  be  a synchronization  of  biting  activity  at  the  three 
vertical  levels.  An  insufficient  number  of  catches  were 
made  at  the  three  forest  sites  to  determine  between-site 
differences  in  the  temporal  patterns  of  biting  activity. 
However,  the  biting  activity  of  L.  yuilli  during  the  first 
catch  period  after  sunset  tended  to  be  relatively  high  at 
the  Buenos  Aires  and  Providencia  sites  but  was  very  reduced 
at  the  Tiroteos  site. 

The  summary  temporal  patterns  of  the  man-biting  activ- 
ity of  L.  panamensis  for  the  forest  and  clearing  habitats 
were  rather  similar  (Fig.  11-15) . This  was  also  true  of 
the  modified  geometric  means  of  each  catch  period  (Tables 
11-27  and  11-29) ; however,  the  means  for  catch  periods  20 
and  21  were  noticeably  greater  for  the  clearing  than  the 
forest.  Another  apparent  difference  was  that  only  one 
individual  of  L.  panamensis  was  taken  during  the  last  two 
catch  periods  in  the  clearing.  Biting  activity  within  the 
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t BA  April  14 

i BA  June  8 

[ P Jon.  29 

P April  29 
n:  94 


I 


P July  7 
nr  52 


0« 

Catch  Period* 


FIGURE  11-21 

Variation  between  nights  in  the  temporal  pattern  of  the 
man-biting  activity  of  L.  yuilli  for  selected  forest  catches. 
Key  to  symbols:  BA  = Buenos  Aires  1 platform  site,  P = 
Providencia  platform  site,  T = Tiroteos  platform  site,  and 
n = the  total  number  of  individuals  of  this  species  taken 
throughout  the  night  for  all  three  vertical  levels  com- 
bined. All  dates  are  for  1971. 
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forest  tended  to  be  rather  sporadic  during  the  night,  and 
there  was  no  good  evidence  of  a synchronization  of  biting 
activity  over  the  three  vertical  levels.  Thus,  Fig.  11-15 
provides  only  an  indication  of  when  biting  is  most  likely 
to  occur  during  the  night. 

L.  tintinnabula  was  not  abundant  in  the  man-biting 
catches.  Its  biting  activity  occurred  primarily  at  ground 
level  and  at  the  Buenos  Aires  site.  Although  this  species 
was  taken  in  most  of  the  night  catches  at  the  Buenos  Aires 
site,  its  biting  activity  was  sporadic  throughout  the  night. 
When  summarized  over  all  of  the  catch  nights,  the  biting 
activity  of  L.  tintinnabula  was  concentrated  between  about 
1900  hours  and  midnight  (Fig.  11-22)  . 

The  man-biting  activity  of  L.  bifolia ta  at  the  forest 
sites  was  distinctly  concentrated  in  the  first  two  catch 
periods  after  sunset  (Fig.  11-23)  . 

The  summary  temporal  patterns  of  man-biting  activity 
for  L.  qomezi  and  W.  rotundipennis  in  the  clearing  are  pre- 
sented in  Figs.  11-24  and  11-25.  There  was  a distinct  peak 
in  the  biting  activity  of  L.  qomezi  during  the  first  two 
catch  periods  after  sunset.  A second,  smaller  peak  occurred 
in  the  catch  period  preceding  sunrise.  In  April,  a collec- 
tion was  made  at  each  of  the  six  clearing  sites  for  the 
first  catch  period  after  sunrise.  A total  of  15  phleboto- 
mine  sandflies  were  obtained,  13  of  which  were  L.  gome z i . 
Phlebotominae  were  rarely  taken  in  the  series  of  daytime 
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FIGURE  11-22 

Summary  temporal  pattern  of  man-biting  activity  in  the 
forest  by  L.  tintinnabula  based  on  modified  geotttetric 
means  converted  to  percentages.  Each  catch  period  approxi- 
mates the  corresponding  hour  as  described  in  the  text. 


FIGURE  11-23 

Summary  temporal  pattern  of  man-biting  activity  in  the  for- 
est bv  L.  bifoliata  based  on  modified  geometric  means  con- 
verted to  percentages.  Each  catch  period  approximates  the 
corresponding  hour  as  described  in  the  text. 
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FIGURE  11-24 

Summary  temporal  pattern  of  man-biting  activity  at  the. 
clearing  sites  by  L.  gomezi  based  on  modified  geometric 
means  converted  to  percentages.  Each  catch  period  approxi- 
mates the  corresponding  hour  as  described  in  the  text. 


FIGURE  11-25 

Summary  temporal  pattern  of  man-biting  activity  at  the 
clearing  sites  by  W.  rotund ipenn is  based  on  modified  geo- 
metric means  converted  to  percentages.  Each  catch  period 
approximates  the  corresponding  hour  as  described  in  the 
text . 
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18  24  06 

sunset  sunrise 

Catch  Periods 


W.  rotundipennis 


catches  in  the  clearing,  indicating  that  L.  gomezi  was  not 
active  after  0700  hours.  The  biting  activity  of  w.  rotun- 
dipennis  in  the  clearing  occurred  primarily  before  midnight 
(Fig.  11-25)  . L.  gomezi  and  W.  rotundipennis  occurred  in 
relatively  small  numbers  in  the  forest  series  of  catches 
and  the  temporal  distribution  of  specimens  taken  is  pre- 
sented in  Table  11-32.  Although  the  biting  activity  of  L. 
gome z i tended  to  be  of  slightly  greater  frequency  during 
the  first  catch  period  after  sunset,  there  was  no  distinct 
concentration  of  biting  activity  such  as  occurred  in  the 
clearing.  The  temporal  distributions  of  other  species 
infrequently  taken  during  the  forest  and  clearing  catches 
are  presented  in  Tables  11-32  and  11-33.  The  temporal 
distribution  of  males  occasionally  encountered  on  man  dur- 
ing the  biting  studies  is  given  in  Table  11-34. 

Seasonality  of  Man-biting  Activity 

since  only  three,  and  in  some  instances  two,  night  for- 
est catches  were  made  per  month,  the  seasonal  patterns 
presented  in  Table  11-35  are  crude.  With  the  exception  of 
L.  trapidoi  and  L.  yuilli,  the  values  in  Table  11-35  for 
July  include  a catch  at  the  Buenos  Aires  site  for  both  1970 
and  1971  and  the  values  for  August  include  a catch  at  both 
the  Buenos  Aires  and  Providencia  sites  for  these  two  years. 
The  catches  for  September  through  December  were  made  entirely 
in  1970  while  those  for  January  through  June  were  made 
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Table  11-34 

Temporal  distribution  of  male  sandflies  encountered  on 
man  during  the  biting  studies. 


Catch 

period 

Forest 

Clearing 

a 

No.  of 
catch 
periods 

L.  hartmanni 

L.  osornoi 

L.  trapidoi 

L.  vuilli 

No.  of 
catch 
periods 

L.  hartmanni 

L.  osornoi 

17 

96 

- 

b 

- 

- 

- 

30 

- 

- 

18 

99 

41 

1 

- 

- 

36 

6 

18 

19 

93 

21 

1 

- 

- 

36 

7 

- 

20 

102 

4 

- 

- 

- 

36 

4 

1 

21 

96 

7 

- 

- 

2 

36 

1 

- 

22 

90 

- 

- 

- 

1 

36 

1 

- 

23 

87 

3 

- 

- 

- 

36 

- 

- 

24 

81 

2 

- 

- 

2 

36 

- 

- 

01 

69 

1 

- 

- 

- 

36 

1 

- 

02 

72 

5 

- 

- 

1 

36 

2 

- 

03 

66 

- 

- 

2 

- 

36 

- 

- 

04 

69 

2 

- 

1 

2 

36 

- 

- 

05 

63 

1 

- 

1 

- 

36 

- 

- 

totals 

87 

2 

4 

8 

22 

19 

®One  male  of  L.  cirrita  was  also  taken. 

dash  indicates  that  no  specimens  were  encountered. 


Summary  by  month  of  individuals  taken  in  the  forest  night  catches  for  all 
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entirely  in  1971.  In  SeptenOaer  and  December  a catch  was 
not  made  at  the  Tiroteos  site  and  in  October  and  November 
a catch  was  not  made  at  the  Providencia  site. 

The  seasonal  pattern  of  man-biting  activity  for  all 
of  the  species  combined  was  relatively  uniform  and  did  not 
decrease  appreciably  during  the  December  through  March  dry 
season,  although  the  rainfall  for  this  period  was  abnor- 
mally high.  The  seasonal  pattern  of  the  biting  activity 
of  L.  ha rtmanni  resembled  that  of  the  composite  population. 
The  seasonal  pattern  of  L.  trapidoi  was  rather  erratic  but 
did  not  have  a noticeable  decline  during  the  dry  season. 

L.  panamensis  had  the  most  distinctive  seasonal  pattern 
with  a definite  peak  occurring  in  June  and  July.  During 
the  six-month  period  from  March  to  August  in  which  the 
series  of  clearing  night  catches  were  made,  L.  panamens is 
was  most  numerous  in  the  June  catches  while  all  of  the 
other  common  species  were  most  abundant  in  the  March 
catches . 

Species  Using  the  Base  of  Trees 
as  a Diurnal  Resting  Site 

A summary  of  the  phlebotomine  sandflies  collected  from 
the  base  of  11  trees  over  an  eight-month  period  is  given 
in  Table  11-36.  L.  trinidadensis  (Newstead)  and  L.  bifoli- 
ata  were  the  most  abundant  species,  accounting  for  47% 


and  22%,  respectively,  of  the  specimens  taken.  A consider- 


Sununary  of  phlebotomine  sandflies  aspirated  from  the  base  of  11  trees 
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ably  larger  number  of  specimens  of  trinidadensis,  L. 
bifolia ta,  L.  abonnenci  (Floch  and  Chassignet) , and  L. 
shannon i (Dyar)  were  taken  at  tree  6 than  at  any  of  the 
other  trees.  However,  in  general  the  number  of  specimens 
of  L.  trinidadensis  taken  at  each  of  the  trees  was  rather 
similar;  whereas  L.  bifolia ta  was  quite  localized  with  a 
majority  of  its  specimens  being  taken  from  just  one  tree. 


I 


— )' 
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P ILEBOTOMINAE 

DISCUSSION 

Definition  of  Terms 

For  clarity,  the  following  terms  are  defined  accord- 
ing to  the  sense  in  which  they  are  used  in  this  paper. 
AssenODlage  is  defined  as  a group  of  taxonomically  similar 
populations  living  within  a delimited  and  relatively  uni- 
form geographic  area.  Hence,  the  phlebotomine  sandfly 
assemblage  includes  all  of  the  species  of  phlebotomine 
sandflies  which  occur  in  the  Providencia  study  area.  Com- 
munity is  considered  to  be  more  encompassing,  i.e.,  all  of 
the  plant  and  animal  assemblages  of  a given  area  function- 
ing "as  a unit  through  coupled  metabolic  transformations" 
(Odum  1971) . The  term  component  is  used  to  identify  one 
or  more  populations  that  have  a unique  trait  such  as  a 
behavioral  characteristic.  Thus,  the  anthropophilic  spe- 
cies of  the  phlebotomine  sandfly  assemblage  are  commonly 
referred  to  as  the  anthropophilic  component.  The  adjective 
anthropophilic  is  used  in  its  literal  sense,  i.e.,  attracted 
to  man,  and  thus  does  not  imply  that  man  is  the  preferred 
host.  Species  composition  refers  to  the  proportional 
representation  of  the  species  for  a given  catch  or  group 
of  catches. 

136 


11-144 


Comparison  of  Faunas 

The  phlebotomine  sandfly  assemblage  of  the  Providencia 
study  area  is  closely  related  to  the  Panamanian  fauna. 
Thirty-one  of  the  35  identified  species  from  the  Provi- 
dencia study  area  occur  in  Panama  (Christensen,  1972).^ 
Interestingly,  the  four  Providencia  species,  L.  bif oliata , 

L-  cirrita,  L.  orsonoi,  and  L.  yuilli,  which  have  not  been 
found  in  Panama  are  all  known  to  bite  man.  Relatively  few 
light  trap  collections  were  studied;  therefore,  the  actual 
number  of  species  occurring  in  the  Providencia  study  area 
is  probably  larger  than  that  given  in  Appendix  c. 

Since  the  same  collecting  methods,  i.e.,  light  traps, 
aspiration  from  tree  trunks,  and  man-biting  catches,  were 
used  at  a site  in  Panama  (Chaniotis  et  al.  1971a  and  b) , 
at  a’  site  in  the  Department  of  Choco,  Colombia  (Young  1971)  , 
and  at  the  Providencia  study  area,  a comparison  of  species 
compositions  seems  valid.  The  Panama  and  Choco  sites  will 
be  described  in  succeeding  paragraphs.  Thirty-seven  species 
were  identified  at  the  Panama  location;  33,  at  the  Curiche, 
Choco  site;  and  35,  in  the  Providencia  area.  Of  the  35 
species  found  in  the  Providencia  area,  21  (60%)  occurred  in 
the  Panamanian  study  area  and  23  (66%)  were  found  at  the 

^This  includes  L.  nocticola  Young  which  is  a recent 
addition  to  the  Panamanian  fauna  (D.  G.  Young,  personal 
communication) . 
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Choco  site.  The  Choco  site  had  22  (67%)  of  its  species  in 
conunon  with  the  Panamanian  site.  In  addition,  16  of  the  19 
species  listed  in  the  Rio  Raposo  study  (Department  of  Valle, 
ColonOaia)  (Barreto  1969)  occurred  in  the  Providencia  study 
area.  The  Rio  Raposo  study  had  15  species  in  common  with 
both  the  Choco  and  Panamanian  sites. 

In  spite  of  the  rather  high  degree  of  similarity  in 
species  composition  between  the  Providencia,  choco,  and 
Panamanian  sites,  the  anthropophilic  components  were  rather 
distinct,  especially  with  regard  to  the  predominant  spe- 
cies. In  the  forest  series  of  catches  at  the  Providencia 
study  area,  the  predominant  man-biting  species  and  the  per- 
cent of  the  catch  attributed  to  each  were  L.  hartmanni, 

56%;  L.  trapidoi,  22%;  and  L.  yuilli,  13%.  Species  taken 
less  frequently  included  L.  panamensis,  3%;  L.  tintinnabula , 
1%;  L.  bifolia ta,  1%,  L.  gomezi,  1%;  and  W.  rotundipennis , 
1%.  The  only  other  quantitative  data  on  the  man-biting 
activity  of  Phlebotominae  in  Colombia  are  those  of  Young 
(1971)  who  made  a series  of  human  biting  collections  at 
four  sites  in  the  Department  of  Choco  between  March  and 
December  of  1967.  These  catches  are  not  strictly  compar- 
able with  mine  since  they  were  made  primarily  at  ground 
level  and  only  between  1830  and  2100  hours.  However, 
these  catches  do  indicate  that  the  anthropophilic  compo- 
nent in  northwestern  Choco  was  considerably  different  from 
that  of  the  Providencia  study  area  in  east  central 
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Antioquia.  The  most  extensive  series  of  catches  (3,763 
specimens)  was  made  in  a "mixed  evergreen  forest"  about  0.5 
km  from  the  Pacific  coast  and  at  an  elevation  of  between  1 
and  12  m.  The  predominant  species  and  the  percentage  of  the 
total  catch  attributed  to  each  were  panamcnsis,  47%;  L. 
hartmanni,  19%;  L.  sanguinaria  (Fairchild  and  Hertig) , 11%; 
and  L.  recurva  Young  (reported  as  sp.  "A"),  10%.  Species 
taken  less  frequently  included  L.  pessoana  (Barretto),  4%; 

L.  tintinnabula  (reported  as  L.  ayroza i)  [Barretto  and 
Countinho]),  4%;  L.  geniculata  (Mangabeira)  , 3%;  and  L. 
trapidoi,  1%.  A small  series  of  catches,  made  at  a site 
about  3.5  km  farther  inland  and  at  an  elevation  of  302  m, 
gave  rather  similar  results  although  L.  trapidoi  accounted 
for  7%  of  the  catch  and  L.  recurva,  only  3%.  Another  small 
series  of  catches  was  made  in  a "semi-cleared  primary  for- 
est" which  periodically  became  flooded.  This  forest  was 
about  52  km  from  the  Pacific  coast  and  was  at  an  elevation 
of  35  m.  L.  panamensis  accounted  for  87%  of  the  588  speci- 
mens taken  at  this  site;  L.  pessoana  accounted  for  7%  and 
L.  hartmanni,  2%. 

The  most  comprehensive  study  of  the  man-biting  activity 
of  Phlebotominae  in  Panama  is  that  of  chaniotis  et  al. 
(1971b)  . Their  study  was  made  in  a mature  forest  character- 
ized as  transitional  between  tropical  moist  forest  and 
tropical  dry  forest.  The  elevation  varied  from  about  50  to 
180  m.  The  mean  annual  rainfall  of  this  area  is  204  cm  and 
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there  is  a distinct  dry  season.  Their  catches  were  made 


both  on  the  ground  and  in  the  canopy.  The  predominant  spe- 


cies and  the  percent  of  the  total  catch  attributed  to  each 


were  L.  pessoana , 40%;  L.  trapidoi,  3^;  and  L.  panamensis, 


12%.  Species  encountered  less  frequently  included  L.  san- 


luinaria,  6%;  L.  gome z i , 2%;  L.  olmeca  (Vargas  and  Diaz 


Najera) , 1%;  and  L.  y lephiletor,  1%. 


The  anthropophilic  component  at  the  Providencia  study 


area  was  very  distinct  from  those  of  more  distant  regions 


where  studies  have  been  made.  With  the  exception  of  L. 


Panamensis  and  L.  shannon!,  the  man-biting  species  encoun- 


tered in  Belize  by  Williams  (1966  and  1970a)  were  differ- 


ent from  those  of  the  Providencia  area.  Although  L.  shan- 


non i was  commonly  found  resting  on  tree  trunks  at  the 


Providencia  study  area,  it  was  rarely  taken  in  the  biting 


catches.  L.  olmeca , a species  which  feeds  primarily  on 


small  terrestrial  mammals  (Williams  1965,  Disney  1968,  and 


Lewis  1975a),  was  occasionally  taken  in  the  man-biting 


catches  in  Belize  and  rarely  in  the  Providencia  area. 


Studies  in  the  Serra  dos  Carajas,  Para  State,  Brazil  by 


Ward  et  al.  (1973)  also  revealed  a very  different  anthropo- 


philic component.  L.  gomezi  and  L.  shannon i were  the  only 


man-biting  species  that  the  Brazilian  and  Providencia  areas 


had  in  common.  All  of  the  species  taken  in  ground  level 


man-biting  catches  in  Surinam  by  Wijers  and  Linger  (1966) 


were  different  from  those  occurring  at  the  Providencia 


I 


11-148 


study  area. 


Man-biting  Activity  in  the  Forest; 

Vertical  Stratification  and 
Between-site  Differences 

The  vertical  stratification  of  each  species'  biting 
activity  tended  to  be  quite  variable  between  the  three  for- 
est sites  and  thus  a discussion  of  vertical  stratification 
necessarily  includes  between-site  differences.  Differences 
in  biting  activity  by  individual  species  between  the  forest 
sites  may  be  due  either  to  simply  a greater  amount  of  biting 
activity  at  one  site  relative  to  another  or  to  distinct 
variations  in  vertical  stratification.  To  varying  degrees 
these  differences  usually  occur  together  as  in  the  case  of 
the  biting  activity  of  L.  hartmanni  at  the  Tiroteos  site 
relative  to  the  other  forest  sites.  The  modified  geometric 
mean  catches  of  L.  hartmanni  at  the  Buenos  Aires  and  Provi- 
dencia  sites  were  over  twice  as  large  as  that  at  the  Tiro- 
teos site  (Table  11-19)  . in  addition,  the  biting  activity 
of  this  species  at  the  Tiroteos  site  was  detected  to  be 
significantly  greater  in  the  understory  than  in  the  canopy 
(Table  II-8)  while  at  the  other  sites  it  was  significantly 
greater  in  the  canopy  relative  to  the  understory. 


The  detection  of  a significantly  greater  amount  of 
biting  activity  in  the  canopy  relative  to  each  of  the  other 
levels  for  all  species  and  sites  combined  (Table  11-27)  can 
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be  attributed  to  the  distinct  preference  exhibited  by 
nearly  all  species  for  the  canopy  at  the  Providencia  site 
(Table  11-30)  . The  biting  activity  of  each  of  the  four 
most  abundant  forest  species,  L-  hartmanni,  L.  trapidoi, 

L.  yuilli,  and  L.  panamensis , was  declared  to  be  signifi- 
cantly greater  in  the  canopy  than  at  ground  level  (Table 
11-27) , and  with  the  exception  of  L.  trapidoi,  this  was 
largely  a result  of  their  marked  preference  for  the  canopy 
at  the  Providencia  site  (Table  11-33)  . The  vertical  strati- 
fication and  between-site  variability  of  biting  activity 
by  individual  species  will  be  elaborated  upon  in  the  dis- 
cussion of  each  species. 

Other  studies  of  vertical  stratification  using  humans 
as  bait  have  shown  the  biting  activity  of  all  species  com- 
bined to  be  either  rather  similar  between  levels  (Johnson 
et  al.  1963,  Williams  1970a,  and  Chaniotis  et  al.  1971b) 
or  distinctly  greater  at  ground  level  (Ward  et  al.  1973)  . 

The  pattern  of  vertical  stratification  obtained  by  williams 
(1970a)  in  an  area  of  "medium  bush"  in  Belize  was  ground, 
29%;  understory,  36%;  and  canopy,  35%.  L.  panamensis  was 
the  only  one  of  the  common  species  in  his  catches  that 
showed  a preference  for  the  forest  floor.  In  Panama, 
Chaniotis  et  al.  (1971b)  found  the  magnitude  of  biting 
activity  at  the  ground  and  canopy  levels  to  be  quite  simi- 
lar (ground,  51%;  canopy,  49%)  for  all  species  combined. 

Two  of  the  Lhree  most  abundant  species  in  their  study 
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showed  a strong  preference  for  the  forest  floor.  Ward  ^ 

et  al.  (1973)  have  described  a 4-hour  catch  they  made  in 
Para  State,  Brazil  in  which  biting  activity  was  distinctly 
concentrated  at  ground  level.  The  vertical  stratification 
of  phlebotomine  sandfly  biting  activity  has  also  been 

I 

studied  by  using  animal-baited  traps  (Thatcher  1968,  Dis- 
ney 1968,  williams  1970a,  and  Shaw  et  al.  1972). 

Buenos  Aires  1 forest  site.  At  the  Buenos  Aires  site, 
man-biting  activity  was  dominated  by  the  three  predominant  ^ 

forest  species,  i.e.,  hartmanni,  L.  trapidoi,  and  L. 
yuilli . In  addition  to  these  three  species,  the  canopy 

catches  frequently  contained  L.  panamensis.  The  species  '■ 

J 

composition  of  the  understory  catches  at  this  site  was 
quite  similar  to  that  of  the  canopy,  although  the  magni- 

tude  of  biting  activity  of  each  species  was  substantially  ] 

reduced  (Tables  II-8  and  II-9)  . However,  at  ground  level  i 

the  species  composition  tended  to  be  somewhat  different 

from  that  of  the  canopy  and  understory.  This  variation  j 

can  be  primarily  attributed  to  the  substantially  lower  I 

i 

percentage  of  L.  trapidoi  relative  to  L.  hartmanni  and  the  i 

frequent  presence  of  L.  tintinnabula . : 

The  terrain  of  the  Buenos  Aires  forest  was  steeply 
sloped  in  the  vicinity  of  the  platform  sites,  and  as  a 
consequence  the  canopy  was  uneven  and  rather  broken.  Since 
the  canopy  did  not  provide  a continuous  closed  layer,  the 
microclimatic  differences  between  the  canopy  and  the  lower  ' 

i 

1 
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levels  were  somewhat  reduced.  There  were  scattered  areas 

where  fairly  intense  light  penetrated  to  the  forest  floor 

as  was  evidenced  by  the  presence  of  a few  herbaceous 

plants  including  species  of  the  Araceae  and  Marantaceae  in 

the  undergrowth.  In  this  type  of  an  environment  the 

acceptable  microclimate  of  an  arboreal  species  is  likely 

to  be  vertically  broadened.  This  would  appear  to  account 

at  least  in  part  for  the  relatively  high  amount  of  biting 

activity  that  occurred  at  ground  level,  especially  by  L.  I 

hartmanni . However,  one  might  also  expect  that  the  amount 

of  biting  activity  in  the  understory  by  arboreal  species 

such  as  L.  trapidoi  would  be  somewhat  higher  than  that  for  > 

the  forest  floor  (Table  II-9)  . 

Tiroteos  forest  site.  With  regard  to  species  composi- 
tion, the  canopy  and  understory  catches  at  the  Tiroteos 
site  were  quite  similar  to  the  Buenos  Aires  canopy  catches. 

The  most  noticeable  differences  were  that  at  the  Tiroteos 
site  the  ratio  of  L.  trapidoi  to  L.  hartmanni  approached  j 

unity  and  there  was  a somewhat  greater  abundance  of  L. 
bifoliata . The  ground  level  Tiroteos  catches  were  quite 
similar  in  species  composition  to  those  of  the  Buenos  Aires 
site.  The  most  apparent  difference  was  the  greater  abun- 
dance of  L.  tint innabula  in  the  Buenos  Aires  catches.  The 
magnitudes  of  biting  activity  of  L.  hartmanni,  L.  trapidoi, 
and  L.  yuilli  at  the  canopy  and  ground  levels  at  the  Tiro- 
teos site  were  considerably  lower  than  those  at  the  Buenos 
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Aires  site  (Tables  II-9  and  11-18) . 

Previous  disturbance  by  man  was  most  noticeable  in 
the  Tiroteos  forest.  Some  selective  cutting  in  the  past, 
not  apparent  in  the  immediate  environs  of  the  platform, 
has  resulted  in  a reduced  density  of  large  trees  and  an 
incomplete  upper  canopy  in  portions  of  the  forest.  In  addi- 
tion, the  site  is  located  near  the  top  of  a south-facing 
slope.  This  somewhat  drier  environment  may  be  less  suit- 
able for  larval  development  and  adult  survival  (Johnson  and 
Hertig  1961  and  Chaniotis  1975) . 

With  an  incomplete  upper  canopy,  environmental  differ- 
ences between  the  canopy  and  the  understory  are  likely  to 
be  reduced,  and  as  a result  differences  in  both  the  spe- 
cies composition  and  magnitude  of  biting  activity  between 
these  two  levels  would  also  tend  to  be  diminished.  This  is 
apparently  what  has  happened  at  the  Tiroteos  site  (Tables 
II-8  and  II-9)  . Haddow  (1961a)  has  observed  a similar  pat- 
tern of  vertical  distribution  by  the  diurnal,  arboreal 
Aedes  longipa Ipis  (Griinb.)  in  an  African  rain  forest  with 
a relatively  open  canopy.  For  a number  of  diurnal  arboreal 
mosquitoes  in  Panama,  Trapido  and  Galindo  (1957)  have  found 
that  the  percentage  of  biting  activity  occurring  in  the  can- 
opy is  greater  in  rain  forest  than  in  tropical  deciduous 
forest.  They  have  also  observed  that  arboreal  mosquitoes 
may  be  found  near  the  forest  floor  where  the  canopy  has 
been  broken  by  a small  clearing  which  need  be  no  larger 
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than  that  resulting  from  the  removal  of  a single  large  tree. 
Although  some  environmental  parameters  such  as  relative 
humidity  and  light  may  be  the  same  throughout  much  of  the 
night  at  all  levels  within  a rain  forest,  most  individuals 
are  apparently  able  to  orient  to  a preferred  vertical  level. 
Thus,  when  environmental  differences  between  the  canopy  and 
understory  are  reduced  by  an  open  canopy,  nocturnal,  arbor 
real  species  also  tend  to  have  a broader  vertical  range  of 
biting  activity. 

Providencia  forest  site.  At  the  Providencia  site,  dif- 
ferences in  both  ^'he  magnitudes  of  biting  activity  and  spe- 
cies composition  of  the  catches  were  most  pronounced 
between  the  canopy  and  the  other  two  levels.  As  previ- 
ously noted,  the  biting  activity  of  L.  hartmanni,  L.  trapi- 
doi,  and  L.  yuilli  was  markedly  concentrated  in  the  canopy 
at  the  Providencia  site.  In  addition  to  these  three  spe- 
cies, L.  gomezi,  L.  panamensis,  L.  bifolia ta , and  W. 
rotundipennis  were  present  in  nearly  all  of  the  canopy 
catches.  The  presence  of  L.  gomezi  and  W.  rotundipennis 
is  thought  to  reflect  this  site's  proximity  to  a clearing. 
The  ground  and  understory  catches  at  the  Providencia  site 
appeared  to  be  quite  similar,  both  in  species  composition 
and  abundance.  The  biting  activity  of  L.  trapidoi , L. 
yuilli,  L.  bifoliata , and  L.  gomezi  at  these  two  levels  was 
greatly  reduced  from  that  occurring  in  the  canopy.  L.  pana- 
mensis was  also  taken  with  considerably  less  frequency  at 
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the  understory  and  ground  levels.  In  fact,  w.  rotundipennis 
was  the  second  most  numerous  species  on  the  forest  floor. 

The  frequent  occurrence  of  w.  rotundipennis  and  the  spora- 
dic presence  of  L.  yuilli  and  L.  tintinnabula  distinguished 
the  ground  level  catches  of  the  Providencia  site  from 
those  of  the  other  two  sites. 

Although  the  Providencia  site  was  located  on  a steep 
hillside,  the  slope  in  the  vicinity  of  the  platforms  was 
gentle.  The  upper  canopy  was  quite  dense,  and  thus  even 
though  this  site  was  situated  only  about  50  m from  a large 
clearing,  the  lower  levels  were  well  shaded.  Since  change 
in  a vertical  microclimatic  gradient  is  likely  to  be  more 
abrupt  immediately  beneath  a closed  upper  canopy  than 
beneath  a relatively  open  one,  the  environmentally  pre- 
ferred range  of  a canopy  species  would  tend  to  be  more 
sharply  delimited  and  vertically  compressed  in  a forest 
with  a dense  upper  canopy.  Thus,  an  arboreal  species 
would  be  expected  to  have  a very  high  percentage  of  its 
biting  activity  in  the  canopy  of  such  a forest.  However, 
this  appears  to  only  partially  account  for  the  patterns  of 
vertical  stratification  at  the  Providencia  site,  and  other 
ecological  factors  related  to  the  site's  proximity  to  a 
clearing  are  suspected  of  also  exerting  considerable 
inf luence . 

Summary  of  forest  man-biting  activity.  The  species 
composition  of  the  forest  catches  was  most  dissimilar 
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between  the  ground  and  canopy  microenvironments.  The 
degree  to  which  the  understory  catches  resembled  those  for 
the  ground  and  canopy  levels  appeared  to  be  at  least  par- 
tially dependent  upon  forest  structure.  Thus,  when  the 
forest  canopy  was  relatively  open  (Tiroteos  site)  the 
understory  catches  tended  to  more  closely  resemble  the 
canopy  catches,  but  when  the  canopy  was  unbroken  and  dense 
(Providencia  site)  the  understory  catches  were  more  similar 
to  those  on  the  forest  floor.  The  canopy  catches  at  all 
three  sites  were  composed  primarily  of  L.  hartmanni,  L. 
trapidoi,  and  L.  yuilli . Biting  activity  on  the  ground 
and  in  the  understory  was  dominated  by  L.  hartmanni . The 
only  anthropophilic  species  distinctive  to  the  forest 
floor  was  L.  t intinnabula ; however,  this  species  was  taken 
in  relatively  low  numbers  and  was  seldom  encountered  at 
the  Providencia  site. 

For  most  species,  variations  in  the  magnitude  of  their 
man-biting  activity  from  one  site  to  another  were  greatest 
at  the  canopy  and  ground  levels.  Biting  activity  in  the 
canopy  by  the  three  predominant  forest  species  was  of  a 
greater  magnitude  at  the  Buenos  Aires  and  Providencia 
sites  than  at  the  Tiroteos  site,  while  on  the  forest  floor 
the  biting  activity  of  these  species  was  greater  at  the 
Buenos  Aires  site  than  at  either  of  the  other  two  loca- 
tions. Most  of  these  differences  were  detected  to  be 
statistically  significant  (Table  11-18) . In  the  understory. 
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between-site  variations  in  the  magnitude  of  the  biting 
activity  of  L.  hartmanni  and  L.  trapidoi  were  slight. 

Man-biting  Activity  in  the  Clearing 

Very  little  attention  has  been  given  to  the  biting 
activity  of  Phlebotominae  in  clearings  adjacent  to  forest. 
Chaniotis  and  Correa  (1974)  found  man-biting  activity 
within  the  center  of  a small  clearing  (25  x 30  m)  to  be 
only  one-fifteenth  of  that  at  a site  50  m away  in  the  for- 
est. Phlebotomine  sandfly  biting  activity  was  also  reduced 
within  the  clearing  habitat  studied  by  us,  but  the  reduc- 
tion tended  to  be  less  than  that  described  by  the  above 
authors.  The  clearing  catches  were  made  at  six  different 
microenvironments  within  a rather  large  clearing  (approx. 
17.5  hectares)  adjacent  to  the  Providencia  forest.  The 
catch  sites  have  already  been  described  in  some  detail, 
but  it  is  worth  emphasizing  that  the  vegetation  within  the 
clearing  was  diverse  and  included  pasture,  cultivation, 
pioneer,  and  early  secondary  forest.  In  general  the  magni- 
tude of  biting  activity  varied  considerably  between  the 
sites  and  the  pattern  of  variation  was  not  the  same  for  all 
of  the  species.  Figs.  II-8  and  II-9  suggest  that  there  is 
a more  or  less  continuous,  albeit  interrelated,  variation 
in  species  composition  between  the  clearing  sites  in 
approximately  the  following  order:  D,  E,  F,  C,  and  B. 

The  biting  activity  at  site  A was  strongly  dominated  by  L. 
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hartmanni,  and  the  irregular  and  meager  occurrence  of  other 
species  has  resulted  in  a rather  widespread  distribution 
of  the  catches  for  this  site  over  the  left  half  of  Fig. 

II-8. 

Total  biting  activity  at  the  two  edge  sites,  D and  E, 
was  greater  than  that  at  the  sites  within  the  clearing  and 
the  difference  was  declared  to  be  highly  significant  (Table 
11-23) . Site  D was  located  just  within  the  pasture  at  the 
margin  of  mature  forest  and  was  only  about  40  m away  from 
the  Providencia  platform  site.  Site  E was  situated  just 
within  the  pasture  at  the  margin  of  a 10  to  15  m tall 
early  secondary  forest  which  merged  about  100  m away  with 
mature  forest.  The  significantly  greater  magnitude  of 
biting  activity  at  the  two  margin  sites  can  be  primarily 
attributed  to  L.  hartmanni  which  exhibited  a preference 
for  the  margin  sites  even  though  it  was  the  most  numerous 
species  at  all  of  the  clearing  sites.  The  biting  activities 
of  L.  trapidoi,  L.  yuilli,  and  L.  panamens is  were  also  con- 
centrated at  the  two  margin  sites  but  these  species  were 
much  less  abundant  at  these  sites  than  L.  hartmanni . The 
biting  activity  of  each  of  the  three  prominent  forest  spe- 
cies, i.e.,  L.  hartmanni,  L.  trapidoi,  and  L.  yuilli,  was 
somewhat  greater  at  site  E than  at  site  D.  These  differ- 
ences can  be  primarily  attributed  to  a single  large  catch 
of  all  three  species  at  site  E in  March.  The  biting  activ- 
ity of  L.  gomezi  was  also  greater  at  site  E than  at  site  D 
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but  the  difference  was  declared  to  be  highly  significant 
(Table  11-23) . This  disparity  is  thought  to  be  a reflec- 
tion of  the  relatively  sheltered  nature  of  site  D.  Thus, 
the  environment  of  this  site  appeared  to  be  rather  similar 
to  that  of  the  forest  floor,  a location  where  L.  gomezi 
was  seldom  encountered.  W.  rotundipennis,  which  did  not 
exhibit  a distinct  vertical  preference  at  the  Providencia 
site,  and  L.  panamensis  were  taken  in  larger  numbers  at 

site  D than  at  site  E.  I 

At  clearing  site  F the  modified  geometric  mean  catches 
of  L.  hartmanni,  L.  trapidoi,  and  L.  yuilli  were  of  inter- 
mediate magnitude,  i.e.,  they  were  less  than  those  at  the  > 

two  edge  sites  but  greater  than  those  at  sites  C,  B,  and  A j 

i 

where  their  biting  activity  tended  to  be  sharply  reduced.  | 

An  exception  was  the  biting  activity  of  L.  hartmanni  at 
site  B which  was  similar  in  magnitude  to  that  at  site  F. 

L.  gomezi  and  W.  rotundipennis  were,  respectively,  the 
second  and  third  most  abundant  species  at  site  F,  and  each 
had  comparatively  high  magnitudes  of  biting  activity  at 
this  site.  Clearing  site  F was  situated  just  within  the 
pasture  adjacent  to  a strip  of  pioneer  vegetation  that 
extended  from  the  mature  forest  about  130  m away. 

Total  biting  activity  at  clearing  site  C was  consid- 
erably reduced  and  was  detected  to  be  significantly  less 
than  at  site  E,  40  m away  (Table  11-23)  . Clearing  site  C 
was  located  centrally  within  the  pasture  between  sites  E 
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and  F and  30  to  40  m away  from  other  vegetative  formations. 
Most  of  the  biting  activity  at  site  C was  by  L.  hartmanni 
and  L.  qomezi . However,  on  a comparative  basis  the  biting 
activity  of  L.  hartmanni  at  this  site  was  detected  to  be 
significantly  less  than  that  at  sites  E and  D (Table  11-23) , 
and  the  modified  geometric  mean  catch  was  only  about  half 
as  large  as  that  for  sites  F and  B (Table  11-22)  • There 
thus  appears  to  be  a genuine  reluctance  on  the  part  of  L. 
hartmanni  to  enter  cleared  areas,  although  it  may  be  quite 
common  in  early  successional  stages  adjoining  mature  for- 
est. L.  qomezi  had  a relatively  high  magnitude  of  biting 
activity  at  site  C and  almost  exceeded  L.  hartmanni  in 
terms  of  actual  numbers  taken.  W.  rotundipennis  accounted 
for  most  of  the  remaining  biting  activity  at  this  site 
(Table  11-22)  . The  greater  biting  activity  of  L.  hartmanni, 
L.  trapidoi,  and  L.  yuilli  at  site  F compared  with  site  C 
suggests  that  these  forest  species  extended  well  into  the 
clearing  along  a narrow  strip  of  pioneer  vegetation  extend- 
ing from  the  forest,  albeit  at  relatively  low  magnitudes, 
but  were  very  reluctant  to  enter  the  pasture. 

Total  biting  activity  at  clearing  site  B was  slightly 
greater  than  at  site  C but  was  strongly  dominated  by  L. 
hartmanni . This  site  was  situated  within  a small  grove  of 
fruit  trees  in  an  area  of  diverse  cultivation  and  was 
approximately  240  m away  from  mature  forest.  The  modified 
geometric  mean  catch  of  L.  hartmanni  was  about  twice  as 
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large  for  this  site  as  it  was  for  site  C (Table  11-22)  . 

The  catches  for  site  B form  a rather  distinctive  cluster  in 
Fig.  II-8  indicating  they  have  a rather  unique  species 
composition.  This  can  be  attributed  to  the  strong  dominance 
of  L.  hartmanni,  relatively  little  biting  activity  by  L. 
gome 2 i and  W.  rotundipennis , and  a virtual  absence  of  L. 
trapidoi,  L.  yuilli,  and  panamensis . 

Man-biting  activity  by  phlebotomine  sandflies  at  clear- 
ing site  A was  considerably  lower  than  that  at  any  of  the 
other  clearing  sites  (Table  11-21)  and  was  strongly  domi- 
nated by  hartmanni . This  site  was  located  at  the  edge 
of  an  early  secondary  woods  and  was  adjacent  to  the  Rio 
Anori.  site  A was  approximately  360  m from  the  mature  for- 
est adjacent  to  site  D and  was  about  280  m from  mature 
forest  to  the  southwest.  The  Scheffe  pairwise  comparisons 
for  all  species  combined  detected  statistically  significant 
differences  between  the  magnitude  of  biting  activity  occur- 
ring at  site  A and  that  at  sites  D,  E,  and  F (Table  11-23)  . 
Although  L.  hartmanni  accounted  for  77%  of  the  specimens 
taken  at  site  A,  the  modified  geometric  mean  catch  of  this 
species  was  quite  small,  being  comparable  only  to  that  for 
site  C.  As  mentioned  earlier,  the  biting  activities  ot  all 
other  species  at  this  site  were  very  low. 

Following  the  clearing  of  a small  portion  of  forest 
as  for  subsistence  farming,  Phlebotominae  biting  activity 
within  the  clearing  appears  to  be  depandent  upon  the 


11-161 


subsequent  use  of  the  land  and  whether  there  is  additional 
clearing  of  the  adjacent  forest.  Clearing  site  C can  be 
considered  representative  of  a cleared  area  that  is  not 
allowed  to  proceed  to  a secondary  successional  stage  and 
thus  can  also  be  considered  as  a recent  clearing.  At  this 
site  there  was  a pronounced  reduction  in  biting  activity  by 
the  predominant  forest  species.  The  failure  of  L.  hartmanni 
to  dominate  the  biting  activity  at  this  site  coupled  with 
substantial  biting  activity  by  L.  gomezi  and  W,  rotundipen- 
nis  resulted  in  this  site  having  a comparatively  high  spe- 
cies evenness.  If  a portion  of  the  clearing  is  neglected 
and  pioneer  vegetation  becomes  established,  the  anthropo- 
philic  component  may  become  similar  to  that  observed  for 
site  F.  Although  total  man-biting  activity  was  somewhat 
reduced  compared  with  that  at  the  forest  edge,  diversity  of 
biting  activity  was  greatest  at  this  site.  The  estimate 
of  the  evenness  of  biting  activity  was  also  relativexy 
large  for  this  site.  This  was  the  result  of  a relatively 
moderate  magnitude  of  biting  activity  by  the  forest  species 
and  comparatively  high  magnitudes  of  biting  activity  by  the 
clearing  species,  i.e.,  L.  gomezi  and  W.  rotundipennis . 

The  somewhat  reduced  diversity  at  site  D at  the  edge  of  the 
mature  forest  is  at  least  partially  due  to  the  dominance 
of  L.  hartmanni . 

There  is  some  indication  from  our  studies  that  those 
forest  species  which  show  a strong  vertical  microhabitat 
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preference  with  regard  to  biting  activity,  e.g.,  L.  trapi- 
doi  and  L.  tint innabula , are  less  tolerant  of  any  of  the 
clearing  microenvironments  than  those  species  with  somewhat 
weaker  preferences,  such  as  L.  hartmanni . The  low  values 
for  diversity  and  evenness  at  sites  A and  B are  a result  of 
the  strong  dominance  of  L-  hartmanni  at  these  sites  which 
in  turn  can  be  at  least  partially  attributed  to  reductions 
in  biting  activity  by  the  other  species,  especially  at  site 
A-  This  is  thought  to  be  more  a reflection  of  the  distance 
of  these  sites  from  mature  forest  than  of  the  particular 
type  of  vegetation  surrounding  the  sites. 

Variations  in  the  Species  Composition 
of  the  Anthropophilic  Component 
between  Different  Microenvironments 

Statistical  comparisons  were  not  made  between  the  for- 
est and  clearing  catches  because  of  insufficient  uniform- 
ity between  these  two  series  of  catches.  However,  the 
polar  ordination  and  informal  comparisons,  such  as  of  the 
modified  geometric  mean  catches,  reveal  a number  of  inter- 
esting differences.  The  comparisons  between  the  forest  and 
clearing  catches  should  generally  be  considered  with  some 
reservation,  especially  since  the  clearing  catches  were 
made  only  over  a 6-month  period  and  only  at  one  level.  The 
6-month  interval  over  which  the  clearing  catches  were  made 
extended  from  March  to  August  and  thus  included  one  month 


11-163 


of  the  indistinct  dry  season. 

A total  of  nine  microenvironments  were  sampled  in  the 
night  series  of  forest  catches,  i.e.,  the  ground,  under- 
story, and  canopy  levels  at  each  of  three  sites,  and  six 
additional  ground  level  microenvironments  were  sampled  in 
the  clearing  series  of  catches.  The  polar  ordination  com- 
pared and  ordinated  individual  catches  made  in  the  above 
15  microenvironments  on  the  basis  of  the  occurrence  and 
relative  abundances  of  the  eight  most  frequently  encoun- 
tered species.  Variations  in  species  composition  between 
the  microenvironments  were  then  expressed  graphically.  The 
resulting  patterns  in  Figs.  II-8  and  II-9,  derived  from 
the  first  three  ordination  axes,  suggest  certain  relation- 
ships between  species  composition  and  microenvironment 
which  may  be  related  to  specific  types  of  vegetation.  Figs. 
II-8  and  II-9  are  somewhat  skewed  in  favor  of  species 
presence  rather  than  abundance  since  a square  root  transfor- 
mation was  applied  to  all  of  the  values.  This,  of  course, 
has  tended  to  minimize  the  di^fference  between  catches  with 
large  and  small  values  for  the  same  species  and  was  done  to 
reduce  the  dominating  influence  of  L.  hartmanni  on  the 
analysis . 

Fig.  II-8  of  the  first  two  ordination  axes  shows  the 
catches  for  the  forest  and  clearing  sites  to  be  quite  dis- 
tinctly separated  from  each  other.  This  indicates,  on  the 
basis  of  species  composition,  that  the  microenvironments 
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sampled  at  all  three  forest  sites  tended  to  exhibit  a 
greater  degree  of  similarity  to  each  other  than  to  the 
clearing  microenvironments,  and  conversely  the  clearing 
microenvironments  tended  to  be  more  closely  related  to 
each  other  than  to  the  forest  microenvironments. 

The  largest  intercatch  distances  in  Fig.  II-8  appear 
to  be  between  the  canopy  and  understory  catches  at  the 
Buenos  Aires  and  Tiroteos  sites  on  the  one  hand  and  clear- 
ing site  C,  the  most  exposed  site,  on  the  other.  The 
catches  at  these  forest  microenvironments  were  quite  simi- 
lar, being  composed  primarily  of  L.  hartmanni,  L.  trapidoi, 
and  L.  yuilli . The  biting  activity  at  clearing  site  C was 
dominated  by  L.  hartmanni  and  L.  gomezi  and  to  a lesser 
degree  by  W.  rotundipennis . The  first  axis  of  the  ordina- 
tion has  essentially  separated  the  forest  catches  from 
those  of  the  clearing  on  the  basis  of  the  combined  biting 
activities  of  L.  trapidoi  and  L.  yuilli  relative  to  L. 
hartmanni . This  has  had  the  effect  of  placing  most  of  the 
catches  for  the  two  edge  sites,  D and  E,  near  the  center  of 
the  first  axis  with  many  of  the  ground  level  forest  catches 
which  tend  to  have  reduced  amounts  of  L.  trapidoi  and  L. 
yuilli . Thus,  in  Fig.  II-8  the  catches  for  clearing  site 
D tend  to  be  situated  between  those  for  the  Providencia 
and  Tiroteos  ground  level  and  the  Providencia  understory 
microenvironments  and  those  for  clearing  sites  E and  F. 

Many  of  the  clearing  site  catches  have  been  separated  from 
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the  ground  level  forest  catches  by  the  second  axis  which 
reflects  a general  reduction  in  the  dominance  of  L.  hart- 
manni  in  the  biting  catches  from  the  forest  floor  to  clear- 
ing sites  C,  F,  and  E. 

The  species  composition  of  the  canopy  catches  tended 
to  be  quite  dissimilar  from  that  of  either  the  ground  level 
or  clearing  catches.  An  important  difference  was  in  the 
ratio  of  L.  hartmanni  to  L.  trapidoi  and  L.  yuilli  combined. 
This  ratio  was  closer  to  unity  for  the  canopy  catches  than 
for  those  of  the  forest  floor  and  clearing  sites  where  the 
ratios  tended  to  be  decidedly  in  favor  of  L.  hartmanni . The 
biting  activity  of  L.  trapidoi  was  primarily  restricted  to 
the  forest  canopy.  This  species  was  very  reluctant  to  enter 
the  clearing.  In  the  clearing  catches  L.  trapidoi  was  taken 
most  often  at  the  two  edge  sites,  and  the  modified  geometric 
mean  catches  of  L.  trapidoi  for  these  sites  were  comparable 
only  to  that  of  the  very  reduced  ground  level  mean  catch  for 
the  nearby  Providencia  forest  site.  The  biting  activity  of 
L.  yuilli  also  tended  to  be  concentrated  in  the  canopy. 
However,  this  species  was  frequently  taken  at  ground  level 
in  the  relatively  open  Tiroteos  forest  and  at  the  edge  of 
the  early  secondary  forest,  but  like  L.  trapidoi,  it  was 
seldom  taken  at  the  sites  within  the  clearing. 

L.  qomezi  and  W.  rotundipennis  were  distinctive  to 
the  clearing  habitat  and  the  nearby  Providencia  forest 
site.  Within  this  forest  the  biting  activity  of  L.  gome z i 
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was  concentrated  in  the  canopy.  This  species  was  tahen 
infrequently  in  the  understory  and  on  the  forest  floor  and 
also  occurred  in  relatively  low  nutnbers  at  the  margin  of 
the  forest  40  m away  (site  D)  . The  variation  in  biting 
activity  across  the  clearing  sites  indicates  that  L.  gome z i 
favored  the  early  secondary  forest  but  also  readily  entered 
the  pasture.  The  relatively  low  magnitudes  of  biting  activ- 
ity of  L.  qomezi,  and  for  most  of  the  other  species  at  clear- 
ing sites  A and  B which  were  over  200  m from  mature  forest, 
suggest  that  these  species  may  be  dependent  upon  forest  to 
provide  a suitable  microclimate  for  the  development  of  the 
immature  stages.  The  patterns  of  man-biting  activity  ex- 
hibited by  L.  gomezi,  including  its  distinctly  crepuscular 
diel  pattern,  suggest  that  this  species  may  be  more  likely 
to  come  in  contact  with  man  than  any  of  the  other  species 
and  should  be  considered  as  a potential  vector  of  human 
disease,  at  least  at  the  Providencia  study  area.  Although 
not  as  abundant  as  L.  gomezi,  W.  rotundipennis  was  quite 
common  in  the  clearing  catches  and  appeared  to  be  rather 
uniformly  distributed  over  much  of  the  clearing.  This  spe- 
cies was  also  frequently  taken  at  the  Providencia  forest 
site  where  it  maintained  a rather  uniform  intensity  of 
biting  activity  over  all  three  vertical  levels  but  was 
rarely  encountered  at  the  other  two  forest  sites.  The 
modified  geometric  mean  catch  of  W.  rotundipennis  for  each 
of  the  clearing  sites,  except  for  A,  exceeded  that  for  each 


of  the  three  vertical  levels  of  the  Providencia  platform 
site  by  as  much  as  2.5  times. 

A comparison  of  the  modified  geometric  mean  catches  of 
L.  panamensis  for  the  clearing  and  forest  sites  (Tables 
11-19  and  11-22)  indicates  that  this  species  had  relatively 
uniform  magnitudes  of  biting  activity  in  both  habitats  but 
was  most  numerous  at  the  ecotonal  microenvironments.  In 
Venezuela,  Pifano  et  al.  (1960)  have  observed  L.  panamensis 
to  be  abundant  at  the  forest  perimeter,  especially  in  areas 
where  trees  are  being  cut. 

While  ma)cing  comparisons  of  biting  activity  between 
various  forest  and  clearing  sites,  we  have  assumed  that  the 
catches  obtained  at  these  locations  were  typical  of  the 
microenvironment  in  which  they  were  made.  However,  this 
may  not  always  have  been  the  case  as  we  did  not  have  suffi- 
cient resources  to  implement  the  night  catches  at  more  than 
one  location  in  the  three  forests  and  in  the  six  clearing 
microenvironments  sampled.  Highly  localized  variations  in 
population  density  and  biting  activity  have  been  observed 
for  phlebotomine  sandflies  (Chaniotis  et  al.  1971a,  Lewis 
1971,  and  Shaw  and  Lainson  1968)  and  similar  variations 
have  also  been  noted  for  mosquitoes  by  Galindo  et  al. 

(1950)  . 
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Selection  of  Microenvironment 

The  vegetation  of  rain  forest  and  its  secondary  suc- 
cessional  communities  create  a number  of  microenvironments 
with  their  own  microclimates.  Temperature  and  humidity 
measurements  made  by  us  were  not  of  sufficient  frequency 
and  precision  to  relate  to  biting  activity.  Within  rain 
forest  the  microclimates  near  the  ground  and  in  the  canopy 
are  quite  dissimilar  during  the  day  (Allee  1926,  Haddow 
et  al.  1947,  Haddow  and  Corbet  1961,  Richards  1952,  and 
Allen  et  al.  1972).  Microclimatic  differences  at  the 
various  strata  beneath  the  upper  canopy  are  dependent  upon 
forest  structure,  and  the  climatic  gradient  from  the  canopy 
to  the  forest  floor  may  be  either  continuous  or  discontinu- 
ous (Richards  1952) . At  night,  temperature,  saturation 
deficit,  and  light  become  quite  similar  at  all  levels  within 
the  forest  (Haddow  et  al.  1947,  Haddow  and  Corbet  1961,  and 
Richards  1952)  . Just  above  the  canopy  and  in  adjacent 
clearings,  these  climatic  factors  may  also  be  quite  similar 
at  night  to  those  within  the  forest  (Haddow  and  Corbet  1961, 
Haddow  1945) . Many  nocturnal  Phlebotominae  and  Culicidae 
of  the  humid  tropics  have  distinct  microenvironmental 
preferences  with  regard  to  their  biting  activity  and  are 
able  to  orient  to  a preferred  microenvironment  in  spite  of 
similar  temperature,  humidity,  and  light  regimens.  Selec- 
tion mechanisms  for  particular  microenvironments  with  regard 
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to  nocturnal  biting  activity  are  poorly  understood.  A 
species'  distribution  could  be  related  to  host  preference 
with  microenvironmental  selection  enhanced  by  the  ability 
to  distinguish  slight  microclimatic  variations.  However, 
Tesh  et  al.  (1972)  have  shown  that  host  selection  by  at 
least  some  rain  forest  Phlebotominae  is  strongly  influenced 
by  host  availability.  Variations  in  the  patterns  of  verti- 
cal distribution  exhibited  between  the  three  forest  sites 
used  in  our  study  suggest  that  the  species  may  have  been 
responding  to  differences  in  forest  structure  which  may 
have  been  manifested  in  microclimatic  variation.  A number 
of  other  factors  may  also  influence  the  microenvironmental 
preferences  for  biting  activity  exhibited  by  a given  species 
and  include  diurnal  resting  sites,  proximity  of  carbohy- 
drate source,  flight  range,  physiological  state,  and  hered- 
ity. Local  variations  in  the  abundance  of  phlebotomine 
sandfly  populations  have  been  related  to  edaphic  conditions 
by  Chaniotis  et  al.  (1971a). 

Diel  Periodicity  of  Man-biting  Activity 

The  diel  periodicity  of  biting  activity  of  the  Neo- 
tropical species  has  been  investigated  to  varying  degrees 
by  the  following  authors:  Thatcher  and  Hertig  (1966), 

Wigers  and  Linger  (1966),  Williams  (1966  and  1970b),  Shaw 
and  Lainson  (1968),  Sherlock  and  Guitton  (1969),  and  chan- 
iotis et  al.  (1971b).  Extended  catches,  i.e.,  continuous 
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collecting  over  several  hours,  of  phlebotomine  sandflies  in 
a forest  environment  have  been  made  by  Williams  (1966  and 
1970b) . Williams  used  man  as  a bait  and  limited  these 
catches  to  ground  level.  The  most  extensive  study  in 
Panama  of  the  diel  periodicity  of  biting  activity  for 
anthropophilic  species  is  that  of  Chaniotis  et  al.  (1971b), 
although  their  collections  were  made  at  specific  intervals 
rather  than  being  continuous. 

Diurnal  biting  activity.  There  was  very  little  diurnal 
man-biting  activity  by  the  Phlebotominae  in  the  Providencia 
study  area.  The  biting  activity  of  phlebotomine  sandflies 
tends  to  be  primarily  crepuscular  and  nocturnal  (Lewis  1971 
and  Chaniotis  et  al.  1971b),  but  diurnal  biting  activity 
near  the  forest  floor  has  been  reported  from  several  regions 
(williams  1966  and  1970b,  Disney  1968,  Chaniotis  et  al. 
1971b,  and  Ward  et  al.  1973) . In  each  of  these  instances, 
the  daytime  biting  activity  was  dominated  by  a single  spe- 
cies whose  biting  activity  tended  to  be  greater  at  night 
and  occurred  primarily  at  ground  level.  Thus,  the  absence 
of  an  avid  man-biting  species  with  a distinct  preference 
for  the  forest  floor  appears  to  account  for  the  paucity  of 
diurnal  Phlebotominae  man-biting  activity  within  the  for- 
ests of  the  Providencia  study  area.  L.  tintinnabula  was 
the  only  species  taken  in  the  man-biting  catches  that 
exhibited  a distinct  preference  for  the  forest  floor  but  it 
was  encountered  rather  infrequently.  Table  11-14  indicates 
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that  the  meager  diurnal  biting  activity  in  our  study  area 
occurred  primarily  at  the  ground  and  understory  levels. 

Reliability  of  summary  temporal  patterns  in  represent- 
ing biting  activity.  A summarizing  pattern  of  temporal 
biting  activity  such  as  Fig.  11-12  for  L.  hartmanni  repre- 
sents the  mean  pattern  of  many  catch  nights  and  can  be 
quite  misleading.  Haddow  and  Ssenkubuge  (1973)  have  shown 
for  the  primarily  nocturnal  Anopheles  gambiae  Giles  that 
its  rather  broad  and  ill-defined  summary  pattern  of  tempo- 
ral biting  activity  obscured  the  fact  that  there  was  con- 
siderable night  to  night  variation  in  the  temporal  pattern 
and  concluded  that  "considerable  caution  must  be  used  in 
this  type  of  analysis,  except  in  well  synchronized  biting 
patterns."  A comparison  of  the  nightly  temporal  patterns 
of  biting  activity  for  L.  hartmanni,  L.  trapldoi,  and  L. 
yuilli  revealed  that  each  of  these  species  also  had  a pro- 
nounced variation  in  its  biting  activity  from  one  night  to 
another.  The  summarizing  patterns  of  these  species  are 
thus  representative  of  biting  activity  only  to  the  extent 
that  they  show  the  period  of  time  in  which  biting  activity 
is  likely  to  be  concentrated.  However,  biting  cycles  char- 
acterized by  one  or  two  consistent,  narrow  intervals  of 
biting  activity,  such  as  occurs  with  crepuscular  species, 
tend  to  be  accurately  represented  by  summary  patterns. 

The  biting  activity  of  L.  gomezi  in  the  clearing  (Fig.  II- 
24)  and  of  L.  bifolia ta  in  the  forest  (Fig.  11-23)  appears 


to  be  of  this  type. 

The  nocturnal  temporal  patterns  of  biting  activity. 

Colless  (1957)  has  related  the  rate  at  which  Culex  annulus 

arrived  at  a bait  through  the  night  to  an  equation  for  a 

constant  rate  of  depletion.  This  was  also  expressed 

2 

graphically  as  a depletion  curve.  The  equation  presented 
by  Colless,  i.e.,  "log(K-C)  = a + bt  where  K is  the  initial 
population,  C the  cumulative  catch,  t time,  and  a and  b are 
constants"  is  thought  to  be  limited  to  a rather  unique  situ- 
ation in  which  a number  of  assumptions  have  been  satisfied. 
Two  assumptions  were  mentioned  by  Colless,  i.e.,  random 
arrival  at  a host  and  a "'closed  domain'  . . . delimited 
by  geographic  features."  The  process  of  finding  a host  by 
a mosquito  and  presumably  also  by  a phlebotomine  sandfly  is 
not  likely  to  be  an  entirely  random  process.  Gillies 
(1972)  suggests  there  is  an  area  of  host-conditioned  air,  a 
host  stream,  that  surrounds  a host  and  tends  to  drift  down- 
wind from  it.  However,  the  encounter  of  a host  stream  may 
be  a random  process.  In  many  instances,  the  vector  popula- 

^Colless  (1957)  and  Kruijf  (1972)  use  the  term  deple- 
tion curve  to  describe  a component  of  the  biting  cycle. 
However,  Gillies  (1972)  used  depletion  curve  in  a somewhat 
different  sense  to  describe  the  familiar  pattern  in  which 
there  is  an  initial  high  rate  of  biting  activity  upon  the 
introduction  of  a bait  and  then  a rapid  decline  as  the  indi- 
viduals in  the  proximity  of  the  host  stream  become  removed 
from  the  stimulated  population.  In  this  instance,  depletion 
curve  is  used  to  describe  the  pattern  of  response  to  a sud- 
den stimulus  which  is  independent  of  the  rhythmic  biting 
cycle . 
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tion  is  likely  to  extend  continuously  for  considerable  dis- 
tances around  the  host  and  a "closed  domain"  probably  rep- 
resents a rather  specialized  situation.  Through  local 
flight  there  would  likely  be  considerable  movement  both 
into  and  out  of  the  area  surrounding  the  host,  i.e.,  into 
the  area  where  random  encounter  with  the  host  stream  could 
occur.  The  equation  would  also  appear  to  be  dependent  upon 
the  maintenance  of  a constant  level  of  biting  excitation 
by  the  population  throughout  the  night  which  is  unlikely  to 
happen,  e.g.,  consider  the  nocturnal  biting  activity  of 
Anopheles  gambiae  as  presented  by  Haddow  and  Ssenkubuge 
(1973)  and  that  of  L.  hartmanni,  L.  trapidoi,  and  L.  yuilli 
in  this  study.  Relatively  stable  climatic  conditions  would 
seem  to  be  another  prerequisite. 

Reduction  in  biting  activity  as  a component  of  a bit- 
ing cycle  is  likely  to  result  from  both  the  removal  of  indi- 
viduals in  the  proximity  of  the  host  stream  and  a reduction 
in  biting  excitation.  The  frequent  occurrence  of  sharp 
peaks  in  the  temporal  patterns  of  biting  activity  for  indi- 
vidual nights  coupled  with  the  apparently  limited  flight 
range  and  localized  distribution  of  phlebotomine  sandflies 
(Chaniotis  et  al.  1974)  suggest  that  the  steep  declines  in 
biting  activity  which  tended  to  follow  these  peaks  were  at 
least  partially  due  to  the  depletion  of  individuals  from 
the  vicinity  of  the  host  stream.  These  sharp  temporal 
peaks  in  biting  activity  also  suggest  that  biting  excitation 
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was  frequently  sudden,  and  comparisons  of  the  nightly  pat- 
terns (Figs.  11-16,  11-18,  and  11-19)  indicate  that  they 
were  variable  with  respect  to  time. 

The  large  variability  from  one  night  to  another  in  the 
temporal  patterns  of  biting  activity  in  the  relatively 
stable  nocturnal  environment  of  a tropical  wet  forest  is 
difficult  to  understand.  Williams  (1966)  has  suggested 
that  the  bimodal  biting  rhythms  he  detected  for  L.  panamen- 
sis  and  L.  shannoni  may  have  been  related  to  differences  in 
the  biting  activity  of  nulliparous  and  parous  individuals. 
Haddow  and  Ssenkubuge  (1973)  have  discussed  nocturnal  bit- 
ing cycles  of  mosquitoes,  particularly  in  relation  to  the 
concept  developed  by  Lumsden  (1952)  in  which  temporal 
variations  in  biting  activity  may  be  related  to  different 
age  groups  of  the  population.  However,  they  noted  that 
there  was  considerable  evidence  in  the  literature  against 
this  concept.  Our  superficial  temperature  measurements  did 
not  reveal  any  obvious  relation  between  temperature  and  bit- 
ing activity.  Haddow  and  Ssenkubuge  (1973)  were  unable  to 
relate  nightly  variations  in  the  biting  cycle  of  the  noc- 
turnal Anopheles  qambiae  to  relatively  mild  fluctuations  in 
weather  although  the  biting  activity  of  this  species  was 
depressed  by  heavy  rain  and  wind.  The  cues,  environmental 
and/or  physiological,  that  control  the  initiation  and  ascent 
components  of  a nocturnal  biting  cycle  in  the  rain  forest 
environment  are  largely  unknown.  Pifano  et  al.  (1960)  have 


observed  that  phlebotomine  sandflies  disperse  when  the 
ambient  temperature  and  humidity  approach  that  of  their 
diurnal  resting  sites.  Scorza  et  al.  (1968a)  appear  to 
hold  a similar  opinion.  This  dispersal  may  not  be  directly 
related  to  biting  activity  since  there  are  several  circadian 
activities  dependent  upon  flight. 

There  was  no  indication  of  a consistent  nightly  verti- 
cal movement  by  either  L.  hartmanni,  L.  trapidoi,  or  L. 
yuilli . Neither  the  temporal  patterns  summarizing  biting 
activity  by  vertical  level  (only  the  pattern  for  L.  trapi- 
doi is  presented  [Fig.  11-20])  nor  a night  by  night  com- 
parison of  temporal  patterns  differentiated  by  level  (Fig. 
11-17)  gave  an  indication  of  such  movement.  Haddow  (1961a, 
1961b)  has  shown  that  *'he  crepuscular  mosquitoes  Aedes 
inqrami  Edwards  and  Mansonia  f uscopennata  (Theobald)  make 
daily  vertical  migrations  from  the  forest  floor  to  the  can- 
opy. The  diurnal  resting  sites  of  L.  trapidoi  have  been 
investigated  in  Panama  by  Chaniotis  et  al.  (1972).  Their 
study  indicates  that  the  forest  leaf-litter  may  be  the  pre- 
ferred microhabitat  for  resting  adults  during  the  day; 
although  a number  of  other  microhabitats  were  also  used 
including  the  lower  part  of  tree  trunks,  a resting  site 
apparently  seldom  used  by  this  species  in  the  Providencia 
area  (Table  11-36).  Chaniotis  et  al.  (1974)  indicate  that 
L.  trapidoi  moves  upward  at  dusk  into  the  canopy  from  these 
diurnal  resting  sites.  This  pattern  of  movement  was  not 
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apparent  from  our  biting  studies.  On  many  nights  the  bit- 
ing activity  of  L.  trapidoi  was  very  low  during  the  first 
few  hours  after  sunset  suggesting  that  this  species  may 
move  into  the  canopy  before  reaching  a high  degree  of  biting 
excitation.  One  should  also  recall  that  the  limited  diurnal 
biting  activity  of  this  species  was  concentrated  in  the 
understory.  This  would  suggest  that  L.  trapidoi  may  also 
rest  in  the  understory  and  perhaps  shaded  areas  near  the 
canopy.  An  investigation  of  the  diurnal  resting  sites  of 
L.  hartmanni  and  L.  yuilli  has  not  been  made. 

A comparison  of  the  summary  temporal  patterns  of  bit- 
ing activity  for  the  forest  and  clearing  catches  indicated 
biting  activity  tended  to  occur  earlier  at  the  clearing 
sites  than  at  the  forest  locations.  This  was  true  for  L. 
hartmanni,  L.  trapidoi,  and  L.  yuilli  although  the  forest 
and  clearing  patterns  were  quite  similar  for  L.  panamensis 
(Figs.  11-12,  11-13,  11-14,  and  11-15).  At  the  clearing 
sites  variability  in  the  temporal  pattern  of  biting  activ- 
ity between  individual  nights  appeared  to  be  somewhat 
dependent  upon  the  site  as  the  temporal  pattern  of  L.  hart- 
manni at  site  E was  considerably  more  variable  than  at  site 
D,  adjacent  to  the  mature  forest  (Fig.  11-18).  The  modi- 
fied geometric  mean  catch  of  man-biting  activity  for  all 
species  combined  during  the  first  catch  period  after  sunset 
was  1.5  times  greater  for  the  clearing  sites  than  for  the 
forest  sites  (Table  11-26) . However,  there  was  considerable 
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variability  in  biting  activity  at  this  time  between  the 

I 

individual  clearing  sites.  The  greater  magnitude  of  biting 
activity  in  the  clearing  during  the  first  hour  after  sunset 
can  be  largely  attributed  to  the  crepuscular  L.  gomezi . 
within  the  forest  only  the  relatively  infrequent  L.  bi- 
foliata  exhibited  a distinct  crepuscular  biting  cycle.  The 
tendency  for  biting  activity  to  be  concentrated  earlier  at 
the  clearing  sites  than  within  the  forest  is  difficult  to 
rationalize,  especially  without  precise  climatic  data.  I 

Furthermore,  we  do  not  know  to  what  extent  biting  activity 
within  the  clearing  is  due  to  specimens  that  moved  into 
the  clearing  on  previous  nights  and  found  suitable  diurnal 
resting  sites  and/or  to  what  extent  it  is  due  to  flight 
during  the  same  night  from  the  adjacent  forest. 

Seasonal  Variations  in  Man-biting  Activity 

The  seasonal  patterns  of  man-biting  activity  presented 
in  Table  11-35  must  be  considered  as  rough  approximations 
due  to  small  sample  size.  In  spite  of  sample  size,  seasonal 
fluctuations  by  the  composite  population  were  relatively 
mild,  and  in  general  the  same  was  also  true  for  L.  hartmanni . 

L.  panamensis  exhibited  the  most  pronounced  seasonal  fluc- 
tuation in  man-biting  activity,  attaining  a marked  peak  in 
June  and  July.  Seasonal  fluctuations  in  population  density 
characterized  by  increases  during  the  wet  season  and 
decreases  in  the  dry  season  have  been  observed  for  many 
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species  (Fairchild  and  Hertig  1951,  Biagi  and  Biagi  1953, 
Johnson  et  al.  1963,  Ortiz  and  Scorza  1963,  Scorza  et  al. 
1963,  Disney  1968,  Scorza  et  al.  1968h,  Lewis  1971,  Chan- 
iotis  et  al.  1971a,  and  Christensen  et  al.  1972).  A few 
species  such  as  L.  carpenteri  (Fairchild  and  Hertig),  L. 
cruciata  (coquillet) , and  L.  permira  (Fairchild  and  Hertig) 
appear  to  be  more  abundant  during  the  dry  season  (Chaniotis 
et  al.  1971a,  Christensen  et  al.  1972,  and  Disney  1968). 

The  seasonal  patterns  are  also  perhaps  somewhat  atypi- 
cal from  the  standpoint  that  there  was  an  unusually  large 
amount  of  rain  during  the  1971  dry  season.  Chaniotis  et  al. 
(1971a)  have  shown  that  total  sandfly  density  in  the  dry 
season  may  be  dependent  upon  the  severity  of  this  season. 
Thus,  during  an  unusually  mild  dry  season,  they  obtained 
considerably  larger  numbers  of  most  species  than  they  did 
during  the  previous  dry  season  when  the  monthly  totals  of 
rainfall  were  substantially  lower  and  resembled  the  10-year 
mean.  However,  Chaniotis  et  al.  (1971b)  also  found  that  the 
seasonal  patterns  of  man-biting  activity  of  the  three  pre- 
dominant anthropophilic  species  in  their  study  showed  no 
clear  relationship  with  estimates  of  population  density 
obtained  by  other  means  in  the  same  area  over  the  same  time. 
Accordingly,  the  seasonal  patterns  of  man-biting  activity 
in  Table  11-35  may  not  necessarily  be  accurate  representa- 
tions of  population  density. 
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Derivation  of  Interspecific 
Differences  in  Biting  Activity 

The  behavioral  differences  in  biting  activity  observed 
between  the  various  species  in  this  study  may  have  evolved 
more  as  a result  of  adaptive  specialization  than  of  compe- 
tition. Downes  (1971)  considers  the  Phlebotominae  to  be 
one  of  the  most  archaic  groups  of  modern  Diptera.  He  sug- 
gests that  forms  similar  to  those  currently  in  existence 
were  present  in  the  Triassic  period,  a time  when  reptiles 
were  dominant  and  early  mammals  had  not  yet  begun  to  develop 
Phlebotominae- lilce  species  were  thus  in  a position  to 
evolve  with  the  contemporary  vertebrates  and  adapt  to  their 
habits.  (Fossil  evidence  is  inconclusive,  however,  with 
all  authentic  fossils  of  the  Psychodidea  apparently  being 
from  the  Tertiary  [Rohdendorf  1974] .)  This  coevolution  is 
apparent  in  our  present  species,  some  of  which  appear  to 
be  quite  host  specific  and  have  morphological  (Lewis  1975b) 
and  behavioral  adaptations  which  presumably  enhance  their 
success  in  obtaining  a blood  meal  from  a preferred  host. 

The  biting  activity  of  others  tends  to  be  related  to  host 
availability,  e.g.,  those  utilizing  a broad  range  of  mam- 
mals (Tesh  et  al.  1972).  However,  even  these  species, 
e.g.,  L.  trap idol,  may  have  distinct  behavioral  patterns 
related  to  biting  activity.  Differences  between  species 
which  are  related  to  biting  activity  are  thus  thought  to 
have  evolved  primarily  from  sandfly-host  interactions 
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rather  than  from  interspecific  competition  between  sandfly 
species . 

The  segment  of  the  phlebotomine  sandfly  life  cycle  in 
which  interspecific  competition  would  mo^t  likely  occur  is 
not  readily  apparent.  The  larvae  of  many  species  develop 
on  the  forest  floor,  and  at  least  some  species  have  a pre- 
ferred spatial  niche  such  as  the  soil  around  certain  trees 
(Rutledge  and  Ellenwood  1975a,  c) . While  there  would  likely 
be  an  abundance  of  suitable  spatial  niches  for  larval  devel- 
opment in  a favorable  environment,  there  may  be  few  in  a 
marginal  one.  Competition  could  therefore  develop  in  mar- 
ginal environments  between  two  species  utilizing  rather 
similar  spatial  niches.  The  larvae  of  many  forest  species 
feed  on  mold  and  decomposing  organic  matter  such  as  dead 
insects  and  leaf  litter  (Johnson  and  Hertig  1961) . Compe- 
tition for  food  among  larvae  is  thus  likely  to  be  inconse- 
quential. Very  little  information  exists  about  the  sugar 
feeding  habits  of  adult  sandflies  in  the  Neotropical  forest 
environment.  Thus,  the  likelihood  of  competition  for  a car- 
bohydrate source  cannot  be  determined.  Probable  sources  of 
sugar  meals  include  nectar,  honey  dew,  ripe  fruit,  and  plant 
fluids  which  become  accessible  from  damaged  plant  tissue. 
Competition  for  the  blood  of  a vertebrate  host  utilized  by 
two  or  more  species  would  likely  be  minimal  since  the  amount 
of  blood  taken,  even  by  many  individuals,  would  be  insig- 
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host.  Likewise,  competition  for  space  on  most  hosts  would 
be  minimal.  Some  partitioning  of  the  host  with  respect  to 
the  location  of  biting  activity  may  occur  (Lewis  1971) . 

Species  Using  the  Base  of  Trees 
as  a Diurnal  Resting  Site 

The  relatively  high  percentage  of  L.  trinidadensis 
among  the  Phlebotominae  aspirated  from  the  tree  bases  was 
not  surprising  as  this  species  has  been  found  in  a number 
of  studies  both  in  Panama  and  Colombia  to  be  a dominant 
sandfly  species  of  this  microhabitat  (Chaniotis  et  al. 

1971,  Young  1971,  Chaniotis  et  al.  1972,  and  Christensen 
et  al.  1972).  These  investigations  also  indicated  that  L. 
shannon!  was  a common  constituent  of  the  tree  base  sandfly 
component.  In  the  Providencia  study  area  L.  shannon!  and 
the  closely  related  L.  abonnenci  appeared  to  utilize  tree 
bases  as  diurnal  resting  sites  to  a similar  degree.  Al- 
though relatively  common  on  tree  bases  sampled  in  the  Provi- 
dencia study  area,  L.  bifoliata  and  L.  spinosa  (Floch  and 
Abonnenc)  were  not  encountered  in  the  aforementioned  stud- 
ies. L.  bifoliata  was  the  only  species  taken  with  some 
degree  of  regularity  in  the  man-biting  catches  that  used 
the  base  of  trees  as  a diurnal  resting  site  in  the  study 
area.  While  L.  trapidoi  was  found  to  frequently  utilize 
tree  bases  as  diurnal  resting  sites  in  panama,  albeit  leaf- 
litter  appeared  to  be  the  preferred  resting  site,  by 
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Chaniotis  et  al.  (1971a,  1972);  it  appeared  to  rarely  use 
tree  bases  as  a diurnal  resting  site  in  the  Providencia 
study  area.  Collections  from  tree  buttresses  in  the  De- 
partment of  Choco,  Colombia  by  Young  (1971)  revealed  that 
L.  trapidoi  used  this  resting  site  rather  infrequently, 
accounting  for  about  2%  of  the  individuals  encountered  in 
this  microhabitat. 

The  Common  Man-biting  Species  of 
the  Providencia  Study  Area 

L.  bifoliata  Osorno-Mesa,  Morales-Alarcon, 

de  Osorno,  and  Munoz  de  Hoyos,  1970 

L.  bifoliata  is  knovm  only  from  Colombia  and  was 
described  from  a single  male  captured  in  the  hollow  of  a 
tree  at  Puerto  Boyaca,  Department  of  Boyaca  (Osorno-Mesa 
et  al.  1970).  The  female  has  been  illustrated  by  Young 
(1971)  from  specimens  taken  in  the  Providencia  study  area. 

Although  not  abundant,  L.  bifoliata  was  taken  primar- 
ily in  the  forest  series  of  catches  (Table  II-5)  . It  was 
encountered  most  frequently  at  the  Providencia  and  Tiroteos 
sites  (Table  11-19)  . The  biting  activity  of  L.  bifoliata 
occurred  primarily  in  the  canopy  at  the  Providencia  site, 
but  its  vertical  stratification  was  less  pronounced  in  the 
more  open  Tiroteos  forest  (Table  11-12)  . The  biting  activ- 
ity of  L.  bifoliata  within  the  forest  was  primarily  crepus- 
cular; however,  few  individuals  were  encountered  during  the 
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period  preceding  sunrise.  Although  adults  of  L.  bifoliata 
were  present  during  every  month  of  the  year,  the  number  of 
catches  made  was  insufficient  to  reveal  any  distinct  sea- 
sonal variations  in  its  biting  activity.  L.  bifoliata 
accounted  for  22%  of  the  phlebotomine  sandflies  collected 
from  the  base  of  trees  and  was  the  species  encountered  with 
the  second  greatest  frequency  in  this  microhabitat  (Table 
11-36) . However,  its  distribution  appeared  to  be  somewhat 
localized  as  a majority  of  the  individuals  of  this  species 
were  taken  at  just  one  tree. 

L.  gomezi  (Nitzulescu) , 1931 

L.  gome z i has  a widespread  geographic  distribution, 
occurring  from  El  Salvador  and  Nicaragua  to  Brazil,  Peru, 
and  French  Guiana  (Fairchild  and  Hertig  1959,  young  1971, 
and  Llanos  1973)  . This  species  appears  to  be  quite  widely 
distributed  in  Colombia  and  has  been  taken  primarily  at  ele- 
vations below  800  m (Barreto  1969,  Young  1971,  and  Osorno- 
Mesa  et  al.  1972a).  Fairchild  and  Hertig  (1948)  indicated 
that  in  Panama  this  species  bit  man  "both  outdoors  and  in 
houses,  even  in  quite  urban  areas  . . . [and]  it  is  prob- 
able that  it  is  semidomestic." 

A comparison  of  the  modified  geometric  mean  catches 
of  L.  gomezi  for  the  forest  and  clearing  habitats  (Table 
11-5)  shows  that  the  biting  activity  of  this  species  was 
concentrated  in  the  clearing.  Although  comparisons  between 


the  forest  and  clearing  series  of  catches  must  be  consid- 
ered with  some  reservation,  the  difference  appears  to  be 
of  sufficient  magnitude  to  indicate  a definite  preference 
by  L.  gome 2 i for  the  clearing  habitat.  In  the  forest 
catches,  L.  gomezi  was  taken  almost  exclusively  at  the 
Providencia  site  (Table  11-20)  which  was  located  just  40  m 
away  from  clearing  site  D.  Only  one  individual  of  this 
species  was  taken  at  the  Tiroteos  site  which  was  almost  one 
kilometer  from  the  nearest  clearing,  and  none  were  encoun- 
tered at  the  Buenos  Aires  site,  about  200  m from  a clearing. 
In  the  clearing  L.  gomezi  was  taken  in  greatest  numbers  at 
site  E which  was  at  the  edge  of  secondary  forest  and  pas- 
ture. It  was  also  quite  common  at  sites  F (edge  of  pioneer 
vegetation  and  pasture)  and  C (open  pasture) . Relatively 
small  numbers  of  L.  gomezi  were  encountered  at  site  D which 
was  at  the  edge  of  mature  forest,  and  the  difference  in 
numbers  taken  between  this  site  and  site  E was  detected  to 
be  highly  significant  (Table  11-23).  Young  (1971)  has  noted 
that  over  most  of  its  range  this  species  tends  to  occur  in 
cultivated  or  semi-cleared  areas.  Johnson  et  al.  (1963) 
and  Thatcher  and  Hertig  (1966)  found  L.  gomezi  to  be  quite 
common  in  an  area  that  was  rapidly  being  cleared.  Johnson 
et  al.  (1963)  also  found  it  to  be  one  of  the  two  predominant 
species  attracted  to  man  and  horse  in  an  area  of  mainly 
secondary  growth.  However,  L.  gomezi  was  not  taken  by 
Chaniotis  and  Correa  (1974)  in  a small  series  of  man-biting 


catches  made  in  the  center  of  a 27  x 33  m clearing. 


At  the  Providencia  platform  site,  L.  gomezi  was  taken 
primarily  in  the  canopy  (Tables  II-8  and  II-ll)  . chaniotis 
et  al.  (1971b)  obtained  a similarly  high  percentage  of  man- 
biting  activity  by  this  species  in  the  canopy  relative  to 
the  forest  floor.  Johnson  et  al.  (1963)  also  caught  greater 
numbers  of  L.  gomezi  biting  man  at  11  m than  at  ground 
level.  The  limited  study  of  the  vertical  distribution  of 
phlebotomine  sandflies  by  V7ard  et  al.  (1973)  in  the  Serra 
dos  Carajas,  Para  State,  Brazil,  indicated  that  the  biting 
activity  of  L.  gomezi  may  also  be  primarily  arboreal  in 
that  region.  However,  in  an  extensive  series  of  light 
trap  catches,  chaniotis  et  al.  (1971a)  obtained  larger 
numbers  of  L.  gome z i at  ground  level  than  in  the  canopy. 

In  the  clearing  habitat  the  man-biting  activity  of 
L.  gomezi  was  primarily  crepuscular  (Fig.  11-24).  A dis- 
tinct peak  in  biting  activity  tended  to  occur  between  1800 
and  2000  hours,  and  there  was  an  indication  of  a smaller 
peak  from  0500  to  0700  hours.  The  biting  activity  of  L. 
gomezi  at  the  Providencia  forest  site  (Table  11-32)  was 
rather  uniform  throughout  the  night  with  only  a slight 
indication  of  the  distinctly  crepuscular  pattern  observed 
in  the  clearing.  The  results  presented  by  Chaniotis  et  al. 
(1971b)  indicated  that  the  man-biting  activity  of  L.  gomezi 
in  the  forest  canopy  was  greatest  at  midnight  and  that 
there  was  very  little  biting  at  dusk. 
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There  was  an  indication  that  the  man-biting  activity 
of  L.  gomezi  was  substantially  reduced  during  the  latter 
half  of  the  rainy  season,  but  due  to  the  small  sample  size 
this  could  not  be  conclusively  determined.  In  Panama  L. 
gomezi  has  been  taken  in  greater  numbers  during  the  dry 
season  than  in  the  lengthier  wet  season  by  Johnson  et  al. 
(1963)  from  biting  catches  using  man  and  horses,  by  Chan- 
iotis  et  al-  (1971a)  from  light  trap  collections,  and  by 
Chaniotis  et  al.  (1972)  from  leaf  litter,  a diurnal  rest- 
ing site.  For  the  same  area  and  period  of  time  in  which 
the  aforementioned  light  trap  collections  were  made,  chan- 
iotis et  al.  (1971b)  also  carried  out  a series  of  man- 
biting  catches  which  gave  quite  different  monthly  estimates 
of  the  population  density  of  L.  gomezi . These  catches 
showed  the  man-biting  activity  of  L.  gomezi  to  be  greatest 
at  the  end  of  the  rainy  season  and  the  beginning  of  the  dry 
season.  Rutledge  et  al.  (1975)  have  noted  that  for  certain 
localities  in  the  Panama  Canal  Zone  the  L.  gomezi-L . 
panamensis  association  of  sandflies  occurred  in  the  rela- 
tively wet  part  of  the  year. 

L.  gomezi  has  been  shown  to  feed  on  a variety  of  mam- 
mals (Thatcher  and  Hertig  1966,  Thatcher  1968,  Tesh  et  al. 
1971,  and  Tesh  et  al.  1972)  and  the  domestic  chicken 
Thatcher  and  Hertig  1966).  Johnson  (1961)  found  that  cer- 
tain females  of  L.  gome z i were  autogenous  and  that  recipro- 
cal crosses  with  anautogenous  individuals  failed  to  produce 
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fertile  eggs.  In  a study  of  diurnal  resting  sites,  chan- 
iotis  et  al.  (1972)  found  adults  of  L.  gomezi  primarily  on 
the  leaf  litter  of  the  forest  floor;  however,  it  accounted 
for  only  about  12%  of  the  specimens  taTcen  from  that  micro- 
habitat. 

Johnson  and  Hertig  (1961)  have  colonized  L.  gomezi  and 
have  determined  the  duration  of  the  various  developmental 
stages  of  the  life  cycle.  These  authors  found  that  wild- 
caught  females  laid  an  average  of  29  eggs  and  that  the 
period  of  time  from  oviposition  to  adult  emergence  averaged 
about  34  days.  Mirsa  (1952)  obtained  rather  similar  esti- 
mates of  the  duration  of  the  developmental  stages  of  this 
species  but  found  the  average  number  of  eggs  per  oviposi- 
tion to  be  greater.  Rutledge  and  Ellenwood  (1975b,  1975c) 
observed  that  the  sites  of  larval  development  for  L.  gomezi 
were  more  abundant  in  hilltop  regions  and  tended  to  be 
associated  with  large  Anacardium  trees. 

Schneider  and  Hertig  (1966)  have  shown  one  of  the 
leptomonad  infections  isolated  from  L.  gomezi  by  Johnson 
et  al.  (1963)  to  be  a strain  of  Leishmania  braziliensis 
sensu  lato. 
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L.  hartmanni  (Fairchild  and  Hertig) , 1957 

L.  hartmanni  appears  to  have  a rather  localized  geo- 
graphic distribution  as  it  has  only  been  found  in  panama 
and  Colombia.  This  species  has  been  taken  at  elevations 
varying  from  near  sea  level  to  at  least  700  m.  The  known 
distribution  of  L.  ha rtmanni  indicates  that  it  is  primarily 
limited  to  forested  areas  in  regions  with  high  annual  rain- 
fall (Fairchild  and  Hertig  1957,  Barreto  1969,  and  Young 
1971) . There  is  virtually  no  information  in  the  litera- 
ture about  the  man-biting  activity  of  this  species.  L. 
hartmanni  was  encountered  by  Young  (1971)  in  the  series  of 
man-biting  catches  which  he  made  in  the  Department  of 
Choco,  Colombia,  and  which  have  been  described  above. 

These  catches  were  made  primarily  at  ground  level.  At  the 
Curiche  forest  site  which  was  adjacent  to  the  Pacific  coast, 
L.  hartmanni  accounted  for  19%  of  the  individuals  taken; 
but  at  a somewhat  drier  site  in  an  area  of  "semi-cleared 
primary  forest"  about  52  km  inland,  this  species  accounted 
for  only  2%  of  the  total  catch. 

The  large  numbers  of  L.  hartmanni  taken  at  all  of  the 
forest  and  clearing  sites  reflect  this  species  dominance 
of  the  man-biting  activity  in  the  Providencia  area.  Even 
though  statistically  significant  differences  were  detected 
in  the  magnitudes  of  biting  activity  of  L.  hartmanni  between 


the  two  edge  sites  and  sites  A and  C within  the  clearing,  it 


was  still  the  most  numerous  species  at  sites  A and  C.  The 
ubiquity  of  this  species  in  both  the  forest  and  clearing 
habitats  is  thought  to  result  from  it  having  a relatively 
broad  microenvironmental  tolerance  which  may  have  been 
further  increased  by  a seemingly  optimal  environment.  A 
species  occurring  in  an  area  which  is  environmentally  opti- 
mal is  thought  to  have  a wider  microenvironmental  tolerance 
than  it  would  have  in  a less  favorable  area  where  it  would 
tend  to  be  limited  to  those  microenvironments  most  closely 
approximating  the  optimum.  Thus,  in  an  optimal  environment 
a species  may  have  increased  niche  space. 

When  summarized  over  sites,  the  man-biting  activity  of 
L.  hartmanni  was  detected  to  be  significantly  greater  in  the 
canopy  than  either  in  the  understory  or  on  the  ground. 
However,  the  pattern  of  vertical  stratification  varied 
extensively  between  the  three  forest  sites  (Table  11-8) , 
and  appeared  to  be  influenced  by  forest  structure.  Biting 
activity  in  the  canopy  relative  to  ground  level  was  not 
detected  to  be  significantly  different  at  the  Buenos  Aires 
and  Tiroteos  sites.  However,  it  was  declared  to  be  sig- 
nificantly greater  for  the  canopy  level  at  the  Providencia 
site  where  the  biting  activity  of  nearly  all  of  the  species 
was  concentrated  in  the  canopy.  Comparisons  of  biting 
activity  across  the  three  forest  sites  (Table  11-18)  indi- 
cated that  the  magnitude  of  biting  activity  in  the  under- 
story was  similar  at  all  three  sites.  However,  a signifi- 
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cant  difference  was  detected  at  ground  level  between  the 
Buenos  Aires  site  and  the  Providencia  and  Tiroteos  sites 
and  in  the  canopy  between  the  Tiroteos  site  and  the  Buenos 
Aires  and  Providencia  sites.  When  the  ten5>oral  pattern  of 
man-biting  activity  of  this  species  was  differentiated  by 
level,  no  distinct  patterns  of  vertical  movement  were  found 
However,  there  was  a tendency  for  the  biting  activity  to  be 
concentrated  at  ground  level  between  1900  and  0100  hours 
and  in  the  canopy  between  2100  and  0300  hours. 

The  temporal  pattern  of  the  man-biting  activity  of  L. 
hartmanni  was  quite  variable  between  nights  at  both  the 
forest  and  clearing  sites.  The  individual  night  catches 
tended  to  have  distinct  but  variable  peaks  in  biting 
activity.  When  summarized  over  sites  and  levels,  biting 
activity  tended  to  be  concentrated  in  the  forest  between 
1900  and  0300  hours  and  in  the  clearing  between  1900  and 
2300  hours.  The  magnitudes  of  biting  activity  from  sunset 
through  2100  hours  were  similar  for  both  of  the  habitats 
but  became  substantially  reduced  in  the  clearing  after  that 
time.  At  the  Buenos  Aires  site  the  biting  activity  of  L. 
hartmanni  tended  to  increase  quite  rapidly  after  sunset  and 
to  be  concentrated  between  sunset  and  0100  hours.  At  the 
other  two  forest  sites,  biting  activity  tended  to  increase 
at  a more  gradual  rate  after  sunset  and  to  be  concentrated 
over  a somewhat  later  period  of  time.  In  the  clearing, 
between-night  variation  in  the  temporal  pattern  of  biting 
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activity  appeared  to  be  somewhat  dependent  upon  the  site. 

The  monthly  means  presented  in  Table  11-35  suggest 
that  seasonal  changes  in  the  biting  activity  of  L.  hartmanni 
in  the  Providencia  region  may  be  mild.  Biting  activity 
during  the  dry  season  may  have  been  higher  than  usual  due 
to  an  abnormally  large  rainfall  for  that  period. 

L.  panamensis  (Shannon) , 1926 

L.  panamensis  appears  to  be  indigenous  to  forested 
lowland  areas,  elevations  ranging  from  near  sea  level  to 
about  800  m,  from  southern  Mexico  and  Belize  to  Colombia 
and  Venezuela  (Biagi  and  Biagi  1953,  Fairchild  and  Hertig 
1959,  williams  1965,  and  Osorno-Mesa  et  al.  1972) . This 
species  has  also  been  reported  from  Brazil  by  Martins  et  al. 


1963. 

L.  panamensis  had  rather  similar  magnitudes  of  biting 
activity  both  between  and  within  the  forest  and  clearing 
habitats.  The  modified  geometric  mean  catches  of  this  spe- 
cies for  the  forest  and  clearing  habitats  were  almost  the 
same  (Table  II-5)  . The  greater  number  of  specimens  taken 
at  the  Providencia  site  compared  with  the  other  two  forest 
sites  (Table  11-19)  was  due  to  a single  large  catch  of  145 
individuals  on  July  7,  1971.  Significant  differences  in 


the  magnitudes  of  biting  activity  were  not  detected  between 
any  of  the  clearing  sites  by  the  Scheffe  pairwise  contrasts 
(Table  11-23) . However,  the  nuiriber  taken  and  the  modified 
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geometric  mean  catch  for  each  of  the  two  edge  sites  were 
noticeably  larger  than  those  for  sites  A,  B,  C,  and  to  a 
lesser  degree « P (Table  11-22) . 

Whether  L.  panamensis  has  a distinct  preference  for 
the  forest-clearing  ecotone  is  difficult  to  ascertain  from 
the  literature.  In  Venezuela  Pifano  et  al.  (1960)  captured 
large  numbers  of  L.  panamensis  at  the  forest  perimeter, 
especially  in  areas  where  trees  were  being  cut.  Both 
pifano  et  al.  (1960)  and  Scorza  et  al.  (1968a)  indicate 
that  this  species  flies  from  the  forest  periphery  at  dusTc 
to  human  dwellings.  My  studies  and  those  of  chaniotis  and 
Correa  (1974)  show  that  L.  panamensis  is  reluctant  to  enter 
clearings  to  bite  man.  However,  as  will  become  increasingly 
evident,  the  behavior  of  L.  panamensis  appears  to  be  quite 
variable  from  one  region  to  another. 

L.  panamensis  is  a common  anthropophilic  species  in 
mature,  disturbed,  and  secondary  forest.  In  the  Department 
of  Choco,  Colombia,  Young  (1971)  found  that  panamensis 
accounted  for  44%  of  the  evening  (1830-2100  hours)  ground 
level  man-biting  activity  in  a lowland  "mixed  evergreen 
forest"  located  less  than  a kilometer  from  the  Pacific 
coast.  This  species  accounted  for  87%  of  the  specimens 
taken  in  a similar  series  of  catches  made  in  a "semi- 
cleared  primary  forest"  about  52  km  inland  and  over  approxi- 
mately the  same  time  period  (April  to  December) . However, 
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in  terms  of  actual  numbers  taken  per  man  hour,  L.  panamen- 
sis  vas  only  about  one-third  as  abundant  at  the  latter  site. 
On  the  basis  of  light  trap  collections,  chaniotis  et  al. 
(1971a)  found  L.  panamensis  to  be  more  abundant  in  a mature 
forest  than  in  an  adjacent  secondary  forest.  Studies  in  a 
secondary  forest  by  Johnson  et  al.  (1963)  revealed  that  L. 
panamensis  was  the  predominant  species  attracted  to  man 
and  horse  during  the  rainy  season.  Ground  level  collections 
of  phlebotomine  sandflies  using  man  as  a bait  were  made  at 
a number  of  forested  areas  in  Belize  by  williams  (1965). 

In  nearly  all  of  the  areas,  L.  panamensis  was  one  of  the 
dominant  or  subdominant  species  of  the  anthropophilic  com- 
ponent. Disney  (1968)  indicates  that  the  forests  of  Belize 
have  been  subjected  to  varying  degrees  of  disturbance  from 
both  man  and  hurricanes. 

The  biting  activity  of  L.  panamensis  for  the  three  for- 
est sites  combined  was  declared  to  be  significantly  greater 
in  the  canopy  than  at  either  of  the  other  two  levels  (Table 
II-7) . This  pattern  of  vertical  stratification  was  most 
apparent  at  the  Buenos  Aires  and  Providencia  sites,  but  at 
the  Tiroteos  site  biting  activity  was  rather  similar  in 
magnitude  at  all  three  levels  (Table  11-9) . These  patterns 
of  vertical  stratification  differ  markedly  front  those  of 
previous  studies  where  L.  panamensis  was  found  to  bite  pri- 
marily at  ground  level  when  either  man  (Fairchild  and  Her- 
tig  1951;  Johnson  et  al.  1963;  Williams  1970a,  1970b;  and 
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Chaniotis  et  al.  1971b)  or  animals  (Disney  1968,  and 
Thatcher  1968)  were  used  as  a bait,  williams  (1970a,  1970b) 
and  Christensen  et  al.  (1972)  have  compared  light  trap  col- 
lections made  near  ground  level  with  those  made  near  or 
within  the  canopy.  They  obtained  much  larger  numbers  of  L. 
panamensis  in  the  proximity  of  the  canopy  than  they  did 
near  the  forest  floor.  However,  in  the  extensive  series  of 
light  trap  collections  made  by  Chaniotis  et  al.  (1971a), 
approximately  three  times  as  many  individuals  of  this  spe- 
cies were  taken  near  the  ground  as  in  the  canopy.  Disney 
(1968)  found  L.  panamensis  to  be  one  of  the  predominant  spe- 
cies occurring  under  dead  leaves  on  the  forest  floor.  Wil- 
liams (1970b),  however,  suggests  these  may  have  been 
recently  emerged  flies  and  believes  his  light  trap  results 
may  indicate  that  older  individuals  of  this  species  com- 
monly rest  on  the  foliage  of  trees.  Chaniotis  et  al.  (1972) 
sampled  a number  of  diurnal  resting  sites  of  phlebotomine 
sandflies  in  a Panamanian  forest  and  found  that  L.  panamen- 
sis constituted  about  10%  of  the  individuals  resting  on  the 
leaf  litter  of  the  forest  floor  and  1.5%  of  the  individuals 
resting  on  green  plants  near  the  forest  floor.  Collections 
were  also  made  from  animal  burrows  and  tree  hollows  and  at 
varying  heights  on  tree  trunks,  but  few  if  any  specimens  of 
this  species  were  obtained  from  these  microhabitats. 

The  biting  activity  of  L.  panamensis  within  both  the 
forest  and  clearing  habitats  (Fig.  11-15)  tended  to  be 
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concentrated  in  the  interval  from  sunset  to  about  0200 
hours.  These  patterns  can  be  compared  with  those  obtained 
by  williams  (1966  and  1970b)  for  the  ground  level  man- 
biting  activity  of  this  species  in  forested  areas  of  Belize. 
In  1966,  Williams  reported  on  a short  series  of  extended 
catches  (each  was  12-14  hours  in  duration)  made  at  the  end 
of  a rainy  season.  The  resulting  temporal  pattern  showed  a 
tendency  for  the  man-biting  activity  of  L.  panamensis  to  be 
concentrated  between  1800  and  2400  hours.  Williams  consid- 


ered the  pattern  to  be  bimodal  and  speculated  that  such  a 
pattern  may  be  produced  by  variation  in  the  time  of  biting 
activity  of  nulliparous  and  parous  individuals.  The  results 
of  a more  extensive  series  of  catches  (williams  1970b)  in- 
dicated a distinctly  bimodal  pattern  with  a tendency  for 
biting  activity  to  be  concentrated  from  1700  to  0200  hours. 
The  1966  and  1970  temporal  patterns  were  quite  different 
from  each  other,  suggesting  that  there  may  have  been  con- 
siderable between-night  variation  in  the  temporal  pattern 
of  biting  activity.  The  temporal  patterns  presented  by 
Williams  (1966  and  1970b)  also  reveal  that  there  was  some 


diurnal  biting  activity,  especially  during  the  morning 
hours.  L.  panamensis  was  occasionally  encountered  in  the 
diurnal  series  of  forest  catches  at  the  Providencia  study 
area  (Table  11-14).  Chaniotis  et  al.  (1971b)  also  detected 
a small  amount  of  diurnal  biting  activity  by  this  species 
at  ground  level. 
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Seasonal  variation  in  the  man-biting  activity  of  L. 
panamensis  was  very  pronounced.  Although  this  species  was 
talcen  in  the  biting  catches  every  month,  it  attained  a dis- 
tinct peak  in  biting  activity  during  the  rainy  season 
months  of  June  and  July  (Table  11-35) . Fairchild  and  Her- 
tig  (1951)  were  perhaps  the  first  to  suggest  that  L.  pana- 
mensis is  primarily  a rainy  season  species.  Since  then 
several  studies  have  shown  this  to  be  true  (Biagi  and 
Biagi  1953,  Johnson  et  al.  1963,  Disney  1968,  Chaniotis 
et  al.  1971a,  and  Christensen  et  al.  1972) . The  studies  of 
Disney  (1968)  and  Chaniotis  et  al.  (1971a)  indicate  that 
this  species  is  most  numerous  during  the  first  few  months 
of  the  rainy  season.  The  study  by  Chaniotis  et  al.  (1971b) 
is  an  apparent  exception  as  they  found  the  man-biting 
activity  of  L.  panamensis  to  be  primarily  concentrated  in 
the  dry  season.  Thus,  the  monthly  estimates  of  the  popula- 
tion density  of  L.  panamensis  derived  from  its  man-biting 
activity  (Chaniotis  et  al.  1971b)  were  quite  dissimilar 
from  those  obtained  for  the  same  area  by  light  traps  (Chan- 
iotis et  al.  1971a)  . 

L.  panamensis  appears  to  feed  on  a broad  range  of  mam- 
mals (Thatcher  1968  and  Tesh  et  al.  1972).  Thatcher  (1968) 
also  found  L.  panamensis  to  be  attracted  to  the  domestic 
chicken. 

Johnson  and  Hertig  (1961)  have  determined  for  L.  pana- 
mensis the  length  of  time  required  to  complete  each  of  its 
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developmental  stages  and  found  that  the  period  of  time  from 
oviposition  to  adult  emergence  averaged  about  28  days.  In 
Venezuela,  Mirsa  (1952)  observed  the  emergence  of  adults  29 
days  after  oviposition.  Wild-caught  females  were  found  to 
lay  an  average  of  28  eggs  by  Johnson  and  Hertig  (1961) 
while  Mirsa  (1952)  obtained  an  average  oviposition  of  58 
eggs  from  five  wild  females. 

Hanson  (1961)  and  Johnson  and  Hertig  (1961)  indicate 
that  decaying  leaves  and  litter  in  well-shaded  areas  on  the 
forest  floor  are  the  sites  of  larval  development  for  L. 
panamensis . Rutledge  and  Ellenwood  (1975b  and  1975c)  have 
shown  that  the  forest  litter  and  soil  are  modified  by  a 
variety  of  environmental  factors  which  can  influence  the 
distribution  of  developing  larvae.  Thus  "breeding  popula- 
tions" of  L.  panamensis  were  found  to  be  greater  in  hill- 
top regions  and  to  be  associated  with  large  ftnacardium 
trees.  Johnson  and  Hertig  (1961)  indicate  that  quiescence 
may  occur  in  fourth-instar  larvae  of  L.  panamensis  and  is 
probably  initiated  by  adverse  conditions,  especially  a laclc 
of  moisture. 

Christensen  et  al.  (1969)  isolated  Leishmania  brazil- 
iensis  sensu  lato  from  a wild-caught  L.  panamensis  and  con- 
firmed its  identity  through  infection  of  hamsters.  Pro- 
mastigote  (leptomonad)  flagellates  have  been  found  in  this 
species  by  Pifano  (1940),  Pifano  et  al.  (1960),  Johnson 
et  al.  (1963)  and  Williams  (1970b).  Johnson  et  al.  (1963) 
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found  a comparatively  low  rate  of  leptomonad  infection  in 
wild-caught  L.  panamensis . 

L.  tintinnabula  Christensen  and  Fairchild,  1971 

L.  tintinnabula  has  recently  been  described  from  a 
site  in  Panama  situated  less  than  1.6  Icm  from  the  Colombian 
border  (Christensen  and  Fairchild  1971)  . The  type  speci- 
mens were  collected  in  a "wet  submontane  forest"  at  an  ele- 
vation of  600  ra.  Young  (1971)  has  found  this  species  in 
Colombia  although  at  the  time  he  considered  it  to  be  L. 
ayrozai . Most  of  his  collections  of  this  species  were  made 
in  a "mixed  evergreen  forest"  about  0.5  Icm  from  the  Pacific 
coast  in  the  Department  of  choco  at  an  elevation  of  between 
1 and  12  m.  Barreto  (1969)  has  reported  the  occurrence  of 
L.  ayrozai  in  the  Department  of  Valle,  Colombia,  but  this 
may  also  be  L.  tintinnabula . 

The  man-biting  activity  of  L.  tintinnabula  occurred 
almost  exclusively  at  the  Buenos  Aires  and  Tiroteos  forest 
sites  (Tables  II-5  and  11-19)  . UnliTce  the  Providencia  site 
which  was  only  about  40  m within  the  forest,  both  of  these 
locations  were  at  least  200  m from  the  forest  margin. 
Another  distinctive  characteristic  of  this  species'  biting 
activity  was  its  marked  preference  for  the  forest  floor 
(Table  II-ll)  . The  biting  activity  of  L.  tintinnabula 
tended  to  be  concentrated  between  1900  hours  and  midnight 
(Fig.  11-22).  L.  tintinnabula  was  one  of  the  predominant 


species  in  the  light  trap  collections  but  was  taken  in  rela- 
tively low  numbers  in  the  man-biting  catches  which  suggests 
that  it  was  reluctant  to  bite  man.  Although  adults  of  L. 
tintinnabula  were  taken  throughout  the  entire  year,  the 
number  of  catches  made  was  insufficient  to  reveal  any  dis- 
tinct seasonal  variations  in  its  biting  activity.  Young 
fl971)  collected  the  majority  of  his  individuals  of  this 
species  in  June,  biting  man. 

L.  trapidoi  (Fairchild  and  Hertig) , 1952 

L.  trapidoi  has  been  found  in  Honduras,  Costa  Rica, 
Panama,  Ecuador  (Fairchild  and  Hertig  1959),  and  Colombia 
(Barreto  1969)  . Its  distribution  resembles  that  of  the 
Meso-American  area  of  endemism  of  Martins  and  Morales- 
Farias  (1972).  This  species  has  been  recorded  at  eleva- 
tions varying  from  near  sea  level  to  about  800  m (Fair- 
child  and  Hertig  1952,  Barreto  1969,  and  Young  1971). 
Fairchild  and  Hertig  (1952)  indicated  that  in  Panama  L. 
trapidoi  occurred  primarily  in  forested  areas  with  high 
annual  rainfall. 

A distinctive  characteristic  of  the  man-biting  activ- 
ity of  L.  trapidoi  in  the  Providencia  study  area  was  its 
strong  preference  for  the  canopy.  At  all  three  forest 
sites,  a highly  significant  difference  was  detected  in  its 
biting  activity  between  the  canopy  and  the  ground  (Table 
11-8) . Highly  significant  differences  were  also  detected 
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between  the  canopy  and  the  under story  for  the  Buenos  Aires 
and  Providencia  sites.  The  distinct  concentration  of  this 
species'  biting  activity  in  the  forest  canopy  was  first 
noted  by  Fairchild  and  Hertig  (1952^  and  was  demonstrated 
quantitatively  by  Thatcher  (1968)  and  Chaniotis  et  al. 

(1971b).  Johnson  et  al.  (1963)  also  found  that  L.  trapidoi 

i bit  man  in  greater  numbers  on  tree  platforms  than  at  ground 

[ 

i level. 

I Chaniotis  et  al.  (1974)  hypothesized  that  L.  trapidoi 

[ moves  into  the  canopy  at  dusk  from  diurnal  resting  sites 

I 

on  or  near  the  forest  floor.  This  vertical  movement  was 

not  detected  lay  our  catches.  The  biting  activity  of  this  ^ 

species  for  all  sites  combined  was  consistently  greater  in 

the  canopy  than  at  ground  level.  The  infrequent  diurnal 

biting  activity  of  L.  trapidoi  occurred  primarily  in  the 

understory. 

The  magnitudes  of  biting  activity  by  L.  trapidoi  at 
the  three  forest  sites  were  relatively  similar,  although 
the  modified  geometric  mean  catch  at  the  Providencia  site 
was  almost  twice  as  large  as  that  at  the  Tiroteos  site. 

When  a comparison  was  made  between  the  sites  of  the  biting 
activity  for  the  first  seven  night  catch  periods,  no  sta- 
tistically significant  differences  were  detected  for  all 
levels  combined,  since  a considerable  proportion  of  the 
j biting  activity  of  L.  trapidoi  frequently  occurred  after  ‘ 

' _ the  first  seven  catch  periods  (Fig.  11-13),  the  pairwise 
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contrasts  (Table  11-18)  should  be  considered  with  some 
caution.  For  individual  levels,  these  contrasts  did  indi- 
cate that  the  biting  activity  of  L.  trapidoi  in  the  canopy 
was  significantly  greater  at  the  Providencia  site  than  at 
the  Tiroteos  site.  At  ground  level,  biting  activity  was 
declared  to  be  significantly  greater  at  the  Buenos  Aires 
site  than  at  either  of  the  other  two  sites. 

L.  trapidoi  bit  man  primarily  in  the  forest  canopy  and 
was  very  reluctant  to  enter  the  clearing.  The  modified 
geometric  mean  catches  for  the  two  edge  sites  were,  how- 
ever, comparable  with  those  for  ground  level  at  the  Provi- 
dencia and  Tiroteos  forest  sites.  L.  trapidoi  was  rarely 
taken  at  sites  A,  B,  and  C within  the  clearing. 

within  the  forest  the  biting  activity  of  L.  trapidoi 
tended  to  be  concentrated  between  2300  and  0500  hours. 
However,  there  was  considerable  between-night  variation  in 
the  temporal  pattern,  and  on  many  nights  there  was  a dis- 
tinct peak  in  biting  activity.  The  limited  biting  activity 
at  the  clearing  sites  occurred  primarily  before  midnight. 

The  biting  activity  of  L.  trapidoi  tended  to  be  quite 
variable  from  one  month  to  the  next,  perhaps  as  a reflec- 
tion of  small  sample  size.  However,  there  did  not  appear 
to  be  an  appreciable  decrease  in  biting  activity  during 
the  unusually  rainy  dry  season. 

The  diurnal  resting  sites  of  L.  trapidoi  in  a Pana- 
manian forest  have  been  identified  by  Chaniotis  et  al. 
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(1972).  Although  leaf  litter  on  the  forest  floor  was  the 
preferred  resting  site,  this  species  was  also  found  to  rest 
on  green  plants  and  tree  trunks.  The  latter  resting  site 
was  apparently  seldom  used  in  the  Providencia  study  area 
(Table  11-36) . 

L.  trapidoi  has  been  studied  quite  extensively  in  Pan- 
ama. Tesh  et  al.  (1971  and  1972)  showed  by  the  precipitin 
test  that  this  species  feeds  on  a broad  range  of  mammals 
and  indicate  that  host  selection  is  influenced  by  avail- 
ability. L.  trapidoi  also  is  known  to  feed  on  birds 
(Thatcher  and  Hertig  1966  and  Tesh  et  al.  1971).  Johnson 
and  Hertig  (1961)  reared  L.  trapidoi  and  determined  the 
duration  of  its  various  developmental  stages.  Chaniotis 
(1975)  described  a different  technique  for  rearing  this 
species  and  reported  on  several  aspects  of  its  behavior  in 
the  laboratory,  chaniotis  (1974a)  also  studied  the  sugar- 
feeding behavior  of  L.  trapidoi  in  the  laboratory.  The 
sites  of  larval  development  have  been  investigated  by  Han- 
son (1961)  and  Rutledge  and  Ellenwood  (1975a,  1975b,  1975c). 

L.  trapidoi  has  been  strongly  implicated  as  a vector 
of  cutaneous  leishmaniasis  (Johnson  et  al.  1962  and  McCon- 
nell 1963) , and  in  addition,  a number  of  arboviruses  have 
been  isolated  from  this  species  (Tesh  et  al.  1974).  John- 
son et  al.  (1962)  and  McConnell  (1963)  have  isolated  lepto- 
monad  flagellates  from  wild-caught  L.  trapidoi  which  were 
subsequently  shown  to  cause  infections  in  the  nose  of 
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hamsters  similar  to  those  produced  by  Leishmania  brazilien- 
sis  sensu  lato.  Johnson  et  al.  (1963)  obtained  infection 
rates  of  promast igotes  ( leptomonads)  as  high  as  15.4%  for 
females  of  L.  trapidoi,  but  with  very  few  exceptions 
(McConnell  1963)  they  were  not  conclusively  shown  to  be 
Leishmania . 

L.  yuilli  Young  and  Porter,  1972 

L.  yuilli  appears  to  be  near  the  northern  limits  of  I 

.its  range  in  the  Providencia  study  area.  This  species  has 
not  been  talcen  in  Panama  or  any  of  the  other  Central  Ameri- 
can countries  but  has  been  found  in  Para  state,  Brazil  > 

(Lewis  1975)  and  Ecuador  (D.  G.  Young,  personal  communica- 
tion) . In  Colombia  the  species  has  also  been  collected 
near  Caucasia,  Department  of  Antioquia  and  Tres  Esquinas, 

Department  of  Caqueta  (D.  G.  Young,  personal  communication). 

L.  yuilli  was  observed  to  be  primarily  a forest  species. 

The  modified  geometric  mean  catch  of  this  species  for  the  I 

Buenos  Aires  forest  was  almost  three  times  as  large  as  the 
corresponding  mean  catch  for  the  Tiroteos  forest  which  had 
been  subjected  to  some  selective  cutting.  For  all  levels 
combined  a highly  significant  difference  was  detected  in 
the  biting  activity  of  L.  yuilli  between  the  Buenos  Aires 

i 

site  and  each  of  the  other  two  forest  sites  (Table  11-18) . 

The  difference  between  the  Buenos  Aires  and  providencia 
sites  was  due  to  the  very  reduced  biting  activity  in  the 

> 

* i 
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understory  and  on  the  forest  floor  at  the  Providencia  site, 
while  the  difference  between  the  Buenos  Aires  and  Tiroteos 
sites  was  primarily  the  result  of  diminished  biting  activ- 
ity in  the  canopy  at  the  Tiroteos  site.  In  the  clearing 
the  biting  activity  of  L.  yuilli  was  greatest  at  site  E 
(Table  11-22)  which  was  located  at  the  edge  of  early  sec- 
ondary forest  and  pasture.  This  species  was  taken  in 
smaller  numbers  at  sites  D (edge  of  mature  forest  and  pas- 
ture) and  P (edge  of  pioneer  vegetation  and  pasture)  and 
was  seldom  encountered  at  site  C (open  pasture)  and  sites 
A and  B which  were  over  200  m from  mature  forest.  The 
large  number  of  specimens  taken  at  site  E is  primarily  the 
result  of  a very  large  catch  at  this  site  in  March.  A total 
of  29  individuals  of  L.  yuilli  were  taken  at  this  site 
during  the  remaining  five  catches  whereas  39  were  taken  at 
site  D.  Thus  in  the  clearing  habitat  the  biting  activity 
1;*  yuilii  vas  concentrated  at  the  forest  margin.  Some 
biting  also  occurred  in  the  pioneer  vegetation  which  ex- 
tended from  the  forest;  however,  this  species  appeared 
reluctant  to  extend  very  far  into  the  clearing,  even  along 
the  pioneer  vegetation. 

For  the  three  forest  sites  combined,  a highly  signifi- 
cant difference  was  detected  in  the  man-biting  activity  of 
L.  yuilli  between  the  canopy  and  each  of  the  other  two 
levels  (Table  II-7)  . However,  the  vertical  stratification 
of  this  species'  biting  activity  appeared  to  be  particularly 
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influenced  by  forest  structure.  At  the  Providencia  site 
where  the  upper  canopy  was  quite  dense,  the  biting  activity 
of  L.  yuilli  occurred  primarily  in  the  canopy  (Table  11-9) 
while  in  the  relatively  open  Tiroteos  forest,  a significant 
difference  was  not  detected  between  any  of  the  levels 
(Table  II-8)  . 

Although  the  summary  temporal  pattern  of  biting  activ- 
ity for  L.  yuilli  for  the  forest  catches  appears  to  be  some- 
what bimodal  (Fig.  11-14),  the  patterns  for  the  individual 
nights  were  quite  variable.  On  many  of  the  nights  there 
was  a sudden,  pronounced  surge  in  biting  activity  during 
one  or  occasionally  two  catch  periods,  and  these  surges 
tended  to  be  quite  variable  with  respect  to  time  (Fig.  II- 
21) . The  biting  activity  of  L.  yuilli  at  the  clearing 
sites  tended  to  be  concentrated  between  0800  and  2200  hours 
(Fig.  11-14). 

L.  yuilli  was  ta)cen  in  the  forest  man-biting  catches 
throughout  the  entire  year.  Seasonal  variations  in  its 
biting  activity  are  difficult  to  determine  from  this  study, 
although  there  is  an  indication  that  its  biting  activity 
may  have  increased  during  February,  March,  and  April.  Feb- 
ruary and  March  are  the  last  two  months  of  the  dry  season. 
Adults  of  L.  yuilli  did  not  use  the  base  of  large  trees  as 
a diurnal  resting  site. 
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W.  rotundipennis  Fairchild  and  Hertig,  1951 

W.  rotundipennis  has  been  found  in  costa  Rica,  Panama, 
and  Colombia  (Fairchild  and  Hertig  1959,  and  Young  1971)  at 
elevations  ranging  from  35  m (Young  1971)  to  690  m. 

The  man-biting  activity  of  W.  rotundipennis  was  great- 
est in  the  clearing  habitat  where  it  was  talcen  in  rather 
similar  magnitudes  at  both  exposed  and  edge  locations.  The 
modified  geometric  mean  catch  for  the  clearing  habitat  was 
considerably  larger  than  that  for  the  forest  (Table  II-5)  . 

AS  mentioned  earlier,  comparison-s  between  the  forest  and 
clearing  series  of  catches  should  be  made  with  caution, 
especially  since  the  clearing  catches  were  only  made  over  a 
6-month  period.  No  statistically  significant  differences 
were  detected  in  the  biting  activity  of  W.  rotundipennis 
between  the  six  clearing  sites  (Table  11-23) . 

In  the  forest  catches,  W.  rotundipennis  was  ta)cen  pri- 
marily at  the  providencia  site  (Table  11-20) , but  even  at 
this  site  it  was  not  numerous.  The  modified  geometric  mean 
catches  for  the  three  vertical  levels  at  the  Providencia 
platform  site  (Table  11-11)  were  to  varying  degrees  less 
than  those  for  the  clearing  sites  with  the  exception  of  site 
A (Table  11-22)  . 

No  significant  difference  was  detected  in  the  man- 
biting  activity  of  W.  rotundipennis  between  the  three  verti- 
cal levels  at  the  Providencia  platform  site  (Table  II-8) . 


t 
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W.  rotundipennis  was  the  only  species  regularly  taken  at 
the  Providencia  site  which  did  not  have  a strong  preference 
for  the  canopy  at  this  location.  The  canopy  preference 
was  so  pronounced  in  the  other  species  that  W.  rotundipennis 
was  the  second  most  frequently  encountered  species  on  the 
forest  floor  at  this  site. 

At  the  clearing  sites  the  man-biting  activity  of  w. 
rotundipennis  tended  to  be  concentrated  between  1900  and 
2400  hours  (Fig.  11-25).  The  temporal  distribution  of 
those  individuals  of  this  species  taken  in  the  forest 
catches  is  given  in  Table  11-32.  There  was  very  little 
biting  activity  in  the  forest  before  2000  hours.  Adults 
of  w.  rotundipennis  were  present  throughout  the  year;  how- 
ever, there  was  an  insufficient  number  of  catches  to  ascer- 
tain seasonal  trends. 
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APPENDIX  A 


Additional  Historical  Information  about  the 
Providencia  Region 

Although  Zarogoza  was  an  early  center  of  Spanish  gold 
mining,  this  activity  eventually  decreased  in  the  region, 
and  in  the  eighteenth  century  Zarogoza  became  a poor  river 
village.  At  the  time  of  its  settlement,  an  estimated  2,000 
Indian  families  lived  in  the  Zarogoza  region.^  The  extent 
of  early  Indian  settlement  near  Providencia  is  unknown  but 
at  least  some  is  thought  to  have  occurred.  There  is  no 
evidence  that  any  of  the  early  Spanish  settled  in  the  hilly 
Providencia  region,  and  the  rapid,  boulder  strewn  Rio  Anori 
is  unnavigable.  The  first  known  land  acquisition  in  the 
Providencia  region  occurred  in  1886  for  a tract  of  land 
near  La  Tirana  (Fig.  II-l)  . 

Increased  gold  mining  activity  at  the  beginning  of  the 
twentieth  century  on  the  lower  Nechi  and  its  tributary  the 
rIo  Anorx  prompted  the  construction  of  a road  from  Dos  Bocas, 
at  the  confluence  of  the  Rio  Porce  and  the  Rio  Nechi,  south- 

^James  J.  Parsons,  Antioqueno  Colonization  in  Western 
Colombia,  rev.  ed.  (Berkeley  and  Los  Angeles,  19^),  p.  44. 
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ward  to  the  town  of  Anori.  This  road,  for  the  most  part, 
follows  the  rIo  Nechi  upstream  to  where  it  meets  the  Rxo 
Anori  and  then  follows  the  latter  to  Anori.  However,  fre- 
quent mud  slides  have  now  reduced  this  road  to  a mule  trail 
with  the  exception  of  the  portion  from  Dos  Bocas  to  provi- 
dencia  and  Los  Aljibes  which  is  maintained  by  Pato  Consoli- 
dated Gold  Dredging,  Ltd. 

In  1922  the  Compania  Colombia  corporation.  Ltd.,  now 
Pato  Consolidated  Gold  Dredging,  Ltd.,  purchased  Dos  Bocas 
from  the  French  Company  which  initiated  hydraulic  mining 
on  the  lower  Nechi  in  1909.  Large  tracts  of  the  lower  rIo 
Anori  watershed  were  purchased  in  1937  by  the  Compania 
Colombia  Corporation,  Ltd.,  with  additional  acquisitions 
being  made  through  1940.  The  hydroelectric  plant  at  Provi- 
dencia,  including  its  substation  at  Los  Aljibes,  was  con- 
structed in  the  early  1940 's  and  supplies  the  majority  of 
the  electricity  used  by  the  dredges  and  camp  at  El  Bagre . 

Two  small  cacao  plantations  were  the  only  agricultural 
endeavors  in  the  region  surrounding  Providencia  of  greater 
magnitude  than  the  subsistence  type  of  farming  common  to 
the  locality,  and  both  had  ceased  operation  a number  of 
years  prior  to  this  study.  The  first  was  established  in 
1922  about  2 kilometers  north  of  Providencia  at  La  Toma  and 
the  second  was  begun  in  1934  at  Remolina. 
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I 

APPENDIX  B 

Additional  Characteristics  of  the  Forest  Vegetation 


Variation  in  forest  structure  and  floristics  may 
account  for  considerable  local  differences  in  the  compo- 
sition of  haematophagous  Diptera  populations  in  the  Neo- 
tropics. For  example,  Rutledge  and  Ellenwood^  have  found 
that  the  site  of  larval  development  for  certain  species  of 
phlebotomine  sandflies  may  be  related  to  large  trees  and 
lianas  which  have  a distinctive  effect  on  the  forest  soil 
and  litter.  To  provide  a more  detailed  description  of  the 
forests  of  the  Providencia  region  and  to  determine  whether 
the  marked  differences  in  the  man-biting  activity  of  Dip- 
tera between  the  Buenos  Aires  1 and  Tiroteos  platform  sites 
could  be  related  to  variations  in  forest  structure,  the  fol- 
lowing analyses  of  the  vegetation  were  made. 

A 1.5  hectare  area  of  forest  surrounding  the  Buenos 
Aires  1 platform  sites  was  intensively  studied  by  Dr.  E.  N. 
Beals  of  the  University  of  wiscons in-Madison  Botany  Depart- 
ment, and  we  are  indebted  to  him  for  allowing  us  to  use  a 

^L.  C.  Rutledge  and  D.  A.  Ellenwood.  1975.  Produc- 
tion of  phlebotomine  sandflies  on  the  open  forest  floor  in 
Panama:  phytologic  and  edaphic  relations.  Environ.  Ento- 
mol.  4:  83-89. 
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portion  of  these  unpublished  data.  Diameter  at  breast 
height  (dbh) , or  above  taller  buttresses,  was  recorded  for 
each  tree  (10  cm  dbh  or  over)  and  sapling  (2.5-10  cm  dbh) . 
At  the  Buenos  Aires  site  each  tree  and  sapling  was  mapped 
by  triangulation  from  stakes  10  m apart.  This  method  was 
also  used  to  estimate  their  height.  The  presence  of  epi- 
phytes and  lianas  was  recorded,  although  those  epiphytes 
less  than  0.5  m in  diameter  located  in  the  crown  of  the 
canopy  trees  were  not  readily  visible  and  hence  were  fre- 
quently overlooked.  A map  of  all  trees  and  saplings 

2 

occurring  in  a 592  m portion  of  the  1.5  hectare  area 
sampled  was  constructed,  and  a grid  of  3.05  x 3.05  m square 
quadrats  was  superimposed  over  the  map  to  permit  a compari- 
son of  the  pattern  of  the  trees  and  saplings  to  a Poisson 
distribution. 

At  the  Tiroteos  location  a map  was  constructed  of  all 

2 

the  trees  and  saplings  in  a 242  ra  area  surrounding  the 
platform  site  using  a grid  of  3.05  x 3.05  m square  con- 
tiguous quadrats.  The  tree  heights  were  estimated  with 
the  two  platforms  serving  as  reference  points.  An  expe- 
rienced native  helped  with  distinguishing  the  species  of 
trees  and  saplings.  A comparison  of  selected  character- 
istics of  the  two  forests  is  presented  in  Tables  II-Bl  to 
II-B5. 

At  both  the  Buenos  Aires  and  Tiroteos  sites  an  upper 
closed  canopy  was  formed  by  trees  22  to  30  m tall,  but  a 


11-223 


few  scattered  emergents  extended  to  35  m.  The  few  measure- 
ments of  tree  height  made  at  the  Providencia  site  indicated 
that  the  upper  canopy  of  this  forest  was  about  5 to  10  m 
taller  than  that  of  the  other  two  forests.  The  height  dis- 
tribution of  the  trees  and  saplings  (Table  II-Bl)  does  not 
indicate  the  presence  of  distinct  tree  strata  in  either  the 
Buenos  Aires  or  the  Tiroteos  forests.  The  reduced  number 
of  individuals  under  10  m in  the  Buenos  Aires  forest  reveals 
the  selective  removal  of  some  5 to  8 cm  dbh  saplings  for 
construction  of  the  platform  sites.  No  selective  cutting 
of  saplings  occurred  at  the  Tiroteos  site,  and  the  differ- 
ence in  sapling  density  between  the  two  sites  is  apparent 
from  the  diameter  class  densities  given  in  Table  II-B2. 

Palms  were  most  abundant  in  the  Tiroteos  forest  where, 
with  an  estimated  density  of  1,529/ha.,  they  were  a con- 
spicuous component  of  the  understory,  with  the  exception 
of  a couple  of  20  m high  Attalea  amyqdalina  at  the  Tiroteos 
study  site,  the  palms  at  both  this  and  the  Buenos  Aires 
site  were  under  10  m in  height.  Although  buttresses 
occurred  on  30%  of  the  trees  at  the  Buenos  Aires  site  and 
21%  at  the  Tiroteos  site,  they  were  generally  small  and 
inconspicuous.  Buttressing  was  much  more  evident  in  the 
providencia  forest  where  Carapa  quianensis  Aubl.,  a tree 
frequently  possessing  immense  buttresses,  was  the  dominant 
canopy  species.  Stilt  roots  were  scarce,  occurring  on  less 
than  10%  of  the  trees  and  saplings  at  the  two  forest  sites 
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sampled.  Tree  ferns  did  not  occur  on  the  sample  plots  and 
generally  appeared  to  be  limited  to  areas  bordering  streams. 

Herbaceous  epiphytes  and  lianas  were  abundant  on  the 
upper  and  middle  strata  trees  at  the  Buenos  Aires  study 
site  (Table  II-B3) . Bromeliads  and  Araceae  were  the  pre- 
dominant herbaceous  epiphytic  forms  but  ferns,  orchids,  and 
cyclanths  were  also  common.  Aroids  were  the  dominant  type 
on  trunks  while  bromeliads  were  the  most  numerous  component 
of  the  crowns.  The  distribution  of  tank  epiphytes  was  quite  ) 

localized  with  39%  of  them  occurring  on  2 of  the  44  trees 
in  the  sample  plot.  Both  of  these  trees  were  Caryocar 

costaricense  Donn.  Sra.  and  were  the  ones  in  which  the  plat-  / 

forms  were  constructed.  Many  of  the  other  herbaceous  epi-  j 

phytes  tended  to  have  similarly  aggregated  patterns,  e.g.,  | 

nearly  half  of  the  canopy  aroids  were  located  in  one  of  the 
C.  costaricense  trees.  Comparatively  few  tank  epiphytes 
were  present  at  the  Tiroteos  study  site.  Lianas  and  vines 
had  an  estimated  density  of  1,651  stemsAia.  at  the  Buenos 
Aires  site. 

Epiphytic  mosses  and  lichens  were  common  on  tree 
trunks.  At  the  Buenos  Aires  study  site  moss  cover  averaged 
about  30%  but  varied  from  0 to  85%.  Lichens  were  more 
abundant  with  a mean  coverage  of  about  50%  and  a range  from 
1 to  95%. 

Ground  cover  in  all  three  forests  was  sparse  and  con- 


sisted primarily  of  occasional  ferns,  herbaceous  dicots. 
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seedlings,  and  cyclanths.  On  some  of  the  steep  slopes  in 
the  Buenos  Aires  forest  where  light  penetrated  to  the  for- 
est floor,  scattered  Araceae  and  Marantaceae  were  also 
present.  Luxuriant  growths  of  Selaginella  often  occurred 
along  the  paths  just  within  the  forests,  but  this  plant 
became  less  abundant  and  gradually  disappeared  as  one  went 
further  into  the  forests. 

The  tree  pattern  at  the  Buenos  Aires  and  Tiroteos  sites 

was  compared  with  the  Poisson  distribution  (Table  II-B4) . 

The  occurrence  of  an  aggregated  pattern  should  indicate  the 

presence  of  openings  which  could  be  expected  to  have  the 

effect  of  lowering  the  humidity  within  a forest.  Humidity 

is  known  to  have  an  influence  on  the  distribution  of  mos- 

2 

quitoes  in  a tropical  forest  environment  (Pittendrigh) . 

It  would  have  been  interesting  to  relate  insect  distribu- 
tion to  humidity  differences  within  the  forests  as  deter- 
mined from  the  simultaneous  use  of  hydrothermographs  posi- 
tioned at  both  ground  level  and  in  the  canopy  of  each  of 
the  platform  sites,  but  unfortunately  this  was  not  possible. 
The  pattern  of  trees  nlus  saplings  was  also  compared  with 
the  Poisson  distribution  for  both  sites  (Table  II-B5)  . 

The  variance  over  mean  ratio  for  trees  (Table  II-B4) 
is  less  than  one  for  both  forest  sites  which  suggests  a 

2 

C.  S.  Pittendrigh.  1950.  The  ecoclimatic  divergence 
of  Anopheles  bellator  and  A.  homunculus.  Evolution  4; 

43-63. 
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somewhat  regular  spacing  of  trees  and  thus  an  absence  of 
forest  openings.  However,  the  chi-square  and  t values 
(Greig-Smith) ^ indicate  the  departures  from  a random  pat- 
tern were  not  significant.  The  mean  nearest  neighbor  dis- 
tance between  trees  over  13  m tall  was  2.05  m at  the  Buenos 
Aires  sample  plot  and  2.20  m at  the  Tiroteos  site.  When 
trees  and  saplings  are  considered  together  (Table  II-B5) , 
the  variance  over  mean  ratio  exceeds  unity,  although  only 
slightly  so  at  the  Tiroteos  site.  The  chi-square  and  t 
values  are  nonsignificant,  once  again  indicating  the  de- 
partures from  a random  pattern  were  not  significant.  The 
small  size  of  the  areas  sampled  undoubtedly  has  an  influ- 
ence on  the  results,  especially  at  the  Tiroteos  forest 
where  the  area  surrounding  the  platform  site  seemed  to  have 
a greater  density  of  large  trees  than  other  portions  of  the 
forest.  In  fact,  openings  in  the  upper  canopy  were  appar- 
ent in  some  areas.  The  tests  of  departure  from  randomness 
are,  of  course,  influenced  by  the  size  of  the  quadrat  used. 

3 

P.  Greig-Smith.  1964.  Quantitative  Plant  Ecology, 
2nd  ed.  Butterworths,  London.  256  pp. 
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APPENDIX  C 

Checklist  of  Phlebotomine  Sandflies  of  the 

Q 

Providencia  Region 

Brumptomyia  leopoldi  (Rodriguez)  1953 
Lutzomyia  abonnenci  (Floch  and  Chassignet) , 1947 
L.  aclydifera  (Fairchild  and  Hertig) , 1952 
L.  aragaoi  (Costa  Lima),  1932 
L.  barrettoi  (Mangabeira) , 1942 

L.  bifoliata  Osorno-Mesa,  Morales-A larcon,  de  Osorno, 
and  Munoz  de  Hoyos,  1970 

L.  camposi  (Rodriguez),  1950 

L.  caprina  Osorno-Mesa,  Morales-A larcon  and  Osorno,  1972 

L.  carpenter!  (Fairchild  and  Hertig),  1953 

L.  cirrita  Young  and  Porter,  1974 

L.  dasymera  (Fairchild  and  Hertig),  1961 

L.  gotnezi  (Nitzulescu)  , 1931 

L.  hartmanni  (Fairchild  and  Hertig),  1957 

L.  micropyga  (Mangabeira),  1942 

L.  nocticola  Young,  1973 

L.  nordestina  (Mangabeira),  1942 

^Based  on  identifications  made  by  D.  G.  Young,  Depart- 
ment of  Entomology,  University  of  Florida. 
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L.  olmeca-bicolor  Fairchild  and  Theodor,  1971 

L.  orsonoi  (Ristorcelli  and  Van  Ty) , 1941 

L.  panamensis  (Shannon),  1926 

L.  pessoana  (Barretto) , 1955 

L.  pilosa  (Damasceno  and  Causey),  1944 

L.  rorotaensis  (Floch  and  Abonnenc) , 1944 

L.  runoides  (Fairchild  and  Hertig) , 1953 

L.  saulensis  (Floch  and  Abonnenc) , 1944 

L.  serrana  (Damascene  and  Arouch) , 1949 

L.  shannon!  (Dyar) , 1929 

L.  spinosa  (Floch  and  Abonnenc),  1942 

L.  tintinnabula  Christensen  and  Fairchild,  1971 

L.  trapidoi  (Fairchild  and  Hertig),  1952 

L.  trinidadensis  (Newstead) , 1922 

L.  triramula  (Fairchild  and  Hertig),  1952 

L.  tuberculata  (Mangabeira) , 1941 

L.  vespertilionis  (Fairchild  and  Hertig),  1947 

L.  yuilli  Young  and  Porter,  1972 

L.  sp.  N (verrucarum  group) 

L.  sp.  N (ungrouped) 

Warileya  rotundipennis  Fairchild  and  Hertig,  1951 


N. 
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APPENDIX  D 


The  132  Catches  Used  in  the  Ordination  Analyses^ 
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^The  number  under  each  species  for  each  catch  repre- 
sents the  actual  number  of  individuals  taken. 

^1  = forest,  2 = clearing. 

^0  = 1970,  1 = 1971. 

^1  = Buenos  Aires  1 forest  site,  2 = Providencia  for- 
est site,  3 = Tiroteos  forest  site,  and  letters  A-F  repre- 
sent the  clearing  sites. 

®1  = ground,  2 = understory,  3 = canopy. 

^End  points  for  1st  (X)  axis  of  the  ordination  of  the 
catches  in  species  space. 

^End  points  for  2nd  (Y)  axis  of  the  ordination  of  the 
catches  in  species  space. 

^End  points  for  3rd  (Z)  axis  of  the  ordination  of  the 
catches  in  species  space. 
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Table  n-42.  Sundry  of  the  Vertical  Stratification  of  Man-biting  /Activity  Within  the 
Foreat  by  C.  oaeudodiabollcua . C.  gabaldoni,  and  All  Speciea  Conbined. 


Species  and 


Elevation 

No.  Taken 

MjjX  100 

XMg 

C.  pseudodiabolicus 

Ground 

2592 

59 

20.6 

Understory 

5017 

114 

39.7 

Canopy 

7261 

114 

39.7 

C.  aabaldoni 

Ground 

61 

6 

8.1 

Understory 

269 

20 

27.0 

Canopy 

896 

48 

64.9 

All  Species 

Ground 

2692 

63 

16.4 

Understory 

5531 

136 

35.3 

Canopy 

8981 

186 

48.3 

CERATOPOGONIDAE 

RESULTS 


A total  of  21,188  specimens  of  Cultcoides  were  taken  in  the  man-biting 
catches.  Cultcoides  pseudodlabollcus  strongly  dominated  this  biting  activity 
at  both  the  forest  and  clearing  habitats,  accounting  for  18,242  or  86. IX  of 
the  specimens  taken.  Biting  activity  was  primarily  nocturnal  (PlgIE-27,Tables  II-  37,, 
11-38;  . however,  the  second  most  abundant  forest  species,  C.  gabaldonl  was  diurnal 
Fig. II- 28).  There  appears  to  be  greater  species  diversity  during  the  day  catches 
and  work  is  still  continuing  on  some  of  the  less  abundant  species. 

The  domination  of  C.  pseudodlabollcus  is  such  that  the  pattern  of  biting 
activity  for  all  species  combined  is  very  similar  to  that  of  this  species  (Fi^. 

II- 27,  n-29).Wlthln  the  forest  the  biting  activity  of  this  species  Increased 
rapidly  after  sunset  but  became  somewhat  reduced  during  the  succeeding  two  catch 
periods.  Biting  Increased  during  catch  period  21  and  a high  level  of  activity 
was  maintained  until  0500  hours.  A decline  in  biting  activity  then  began  during 
catch  period  05  and  lasted  to  1000  hours.  The  pattern  of  a rapid  increase  in 
biting  activity  after  sunset  in  catch  period  18  followed  by  a moderate  reduction 
in  the  succeeding  two  periods  was  observed  at  all  three  forest  sites  and  at 
all  three  levels  (Tables  11-39  JI-40) . The  relatively  low  diurnal  level  of  biting 
activity  maintained  by  C.  pseudodlabollcus  appeared  to  be  concentrated  in  the 
understory  (Table  1140  ) In  the  clearing  biting  activity  by  this  species  appeared 
to  begin  with  sunset  and  rapidly  attained  a high  level  of  intensity  during  the 
first  catch  period  after  sunset.  This  activity  continued  to  gradually  increase 
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until  0100  hours  and  then  began  a rather  alow  decline  (Table 

The  vertical  stratification  of  biting  activity  presented  in  Table  11-42  ludi- 
cates  that  C.  pseud odiabolicus  has  sone  arboreal  preference.  The  pattern  of 
vertical  stratification  was  ^uite  similar  at  each  of  the  three  forest  sites 
(Table  11-43)  .In  contrast  to  the  apparent  concentration  of  biting  activity  in  the 
understory  during  the  day,  this  species  nocturnal  biting  activity  was  greatest 
in  the  canopy.  In  the  clearing,  C.  pseud odiabolicus  was  most  abundant  at  the 
two  sices  adjadent  to  the  forest  and  was  least  numerous  at  those  sices  most 
closely  associated  with  cultivation,  i.e.,  B and  F (TableII-44). However,  it 
was  remarkably  abundant  at  the  exposed  site  near  the  center  of  the  clearing. 

The  seasonal  distribution  of  biting  activity  suggests  that  the  population  level 
of  this  species  becomes  greatly  reduced  during  the  dry  season,  although  a small 
adult  population  persists,  at  least  in  chose  years  with  an  abnormally  mild  dry 
season  (Table  II-45>The  adult  population  appears  to  increase  gradually  with  Che 
beginning  of  the  rainy  season  and  attains  a maximum  level  from  August  through 
■mcenber . 

The  second  most  abundant  forest  species,  C.  gabaldoni . accounted  for  only 
7.11  of  the  specimens  taken  in  Che  forest  catches.  This  diurnal  species 
attained  a maximum  level  of  biting  activity  between  1200  and  1600  hours  (Fig  11-28 
and  Table  II-3'^C.  gabaldoni  is  arboreal  but  the  percentage  of  its  biting  activity 
occurring  at  ground  level  was  considerably  greater  at  the  two  Buenos  Aires  sices 
Chan  at  the  other  forest  sites  (Table  II-43).This  species  was  distinctly  more 
abundant  at  Che  Tiroteos  site.  Adults  of  this  species  are  present  throughout 
Che  year,  but  the  population  level  becomes  somewhat  reduced  coward  the  end  of 
Che  dry  season.  The  apparent  decline  during  August  and  September  (Table II-4 5)can 
be  attributed  to  the  fact  that  no  collections  were  made  at  the  Tiroteos  sice 
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during  chose  months. 

The  remaining  biting  activity  within  the  forest  was  divided  among  a large 
niaaber  of  infrequently  occurring  species,  some  of  which  appear  to  be  undes- 
cribed (Table  11-46).  The  identification  of  aone  of  these  species  has  proven  to 
be  quite  difficult  and  work  toward  this  end  continues.  The  more  abundant  of 
these  species  include  the  diurnal  C.  spuriua . paraensis.  field!  and  leoni . the 
apparently  crepuscular  miraae . and  the  nocturnal  lanet . gallndol  and  unirad jails . 

Unfortunately  the  Culicoides  taken  in  the  diurnal  clearing  collections  were 
seldom  preserved,  but  records  of  their  occurrence  %>ere  maintained  so  that  a 
temporal  pattern  for  all  species  combined  could  be  developed  (Table  II- 38) . Diurnal 
activity  in  the  clearing  is  almost  negligible  but  at  night  it  became  comparable 
to  that  within  the  forest.  Relatively  small  numbers  of  C.  fusipalpii  and  C. 
iKoacioi . two  specida  closely  related  to  C.  pseud odhbolicus . were  also  taken  in 
the  nocturaal  clearing  catches.  The  temporal  pattern  of  their  biting  activity 
is  presented  in  Table  II-4LBoth  of  these  species  show  a decline  in  activity  after 
0100  hours.  C.  fuaipalpis  was  most  abundant  at  clearing  sice  B i^ich  is  located 
in  an  area  of  cultivation  and  is  Che  site  where  C.  pseudodiabolicus  was  least 


numerous 
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Table n- 3 7.T«i^« oral  Pacterna  of  Man-biting  Activity  Within  the  Forest  by  C. 
psaudodiabolicua . C.  aabaldoni.  and  All  Species  Cooibined. 


Catch  period 


C.  psaudodiabolicua 
Ho.  Taken  10 


C.  gabaldonl 
No.  Taken  10 


All  Species 
No.  Taken 
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Tab lell- 3a Temporal  Pattern  of  Man-biting  Activity  Within  the  Clearing 
by  All  Species  Combined. 


f 
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Tab le  n- 39Teapora I Patteroa  of  Man-bitlog  Activity  by  C.  pseud odlabollcua  for  Three 
Forest  Sites. 


Buenos  Aires  I Provldencla  Tlroteoa 


Catch  Period 

Mo.  Taken 

Mg*  10 

Mo.  Taken 

MgX  10 

No.  Taken 

Mg*  10 

06- C 7 

— 

— 

— 

— 

— 

-- 

07-08 

134 

24 

125 

11 

90 

8 

08-09 

131 

21 

120 

9 

72 

6 

09-10 

133 

16 

42 

4 

17 

2 

a 10-11 

46 

7 

19 

2 

5 

1 

11-12 

27 

4 

18 

2 

4 

1 

12-13 

19 

4 

27 

3 

3 

1 

13-14 

12 

2 

18 

2 

2 

0 

14-15 

15 

2 

29 

3 

11 

1 

15-16 

32 

• 5 

33 

3 

5 

1 

16-17 

27 

4 

15 

2 

14 

2 

• 

17-18 

40 

6 

8 

1 

11 

2 

18-  19 

436 

39 

133 

12 

218 

21 

19-20 

470 

27 

88 

6 

130 

11 

20-21 

415 

22 

139 

11 

79 

9 

21-22 

528 

44 

134 

13 

94 

16 

22-23 

763 

40 

332 

23 

314 

22 

23-  24 

414 

21 

680 

40 

206 

18 

24-01 

619 

40 

701 

39 

402 

33 

01-02 

457 

31 

336 

14 

138 

26 

02-03 

365 

21 

514 

33 

405 

38 

03-04 

250 

12 

451 

26 

505 

62 

04-05 

126 

20 

308 

17 

1514 

102 

05-06 

24 

7 

119 

13 

286 

45 
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Table  II~4lTeaporal  Pacteroa  of  Man-bltlng  Activity  by  C.  paeudodlabollcua  at  Three  Levels 
In  the  Forest. 


Ground  Undent  ory  Canopy 


Catch  period 

No.  Taken 

Hr*  10 

No.  Taken 

o 

K 

No.  Taken 

Hr*  ^0 

06-07 

— 

-- 

— - 

— 

— 

-- 

07-08 

214 

15 

210 

15 

55 

5 

08-09 

135 

10 

177 

12 

67 

6 

09-10 

62 

5 

160 

9 

52 

3 

10-11 

22 

2 

70 

6 

19 

1 

11-12 

18 

2 

45 

4 

23 

1 

12-13 

15 

2 

34 

3 

20 

2 

13-14 

15 

2 

19 

2 

7 

1 

14-15 

16 

2 

36 

3 

19 

1 

15-16 

11 

1 

65 

5 

60 

3 

16-17 

8 

1 

40 

4 

24 

2 

17-18 

15 

3 

30 

5 

14 

3 

18-19 

120 

13 

257 

25 

410 

37 

19-20 

89 

6 

199 

17 

400 

26 

20-21 

47 

5 

244 

17 

342 

27 

21-22 

54 

7 

246 

26 

456 

35 

22-23 

251 

12 

564 

42 

594 

42 

23-24 

279 

16 

416 

30 

605 

32 

24-01 

178 

15 

380 

33 

1164 

88 

01-02 

119 

9 

269 

19 

543 

52 

02-03 

157 

12 

258 

25 

869 

79 

03-04 

200 

17 

571 

35 

435 

50 

04-05 

465 

18 

574 

37 

909 

68 

05-06 

102 

13 

153 

19 

174 

25 
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Tab le  n-41  .Teapora 1 Patterna  of  Nocturnal  Man-bltlng  Activity  Within  the  Clearing  by 


C.  paeudodiabolicua . C.  Fuaipalpia  and  C.  iRnacioi. 


• 

C.  paeudodiabolicua 

C.  fuaipalpia 

C. 

iRnacioi 

Catch  Period 

No.  Taken 

MqX  10 

No.  Taken 

HqX  10 

No.  Taken  Arith.  Mean 

17-18 

1 

0 

0 

0 

0 

0.00 

18-19 

140 

19 

11 

17 

3 

0.08 

19-  20 

270 

24 

18 

35 

20 

0.56 

20-21 

322 

25 

32 

39 

14 

0.39 

21-22 

232 

26 

17 

24 

7 

0.19 

* 22-23 

« 

496 

28 

31 

43 

14 

0.39 

23-24 

1 

375 

29 

16 

23 

10 

0.28 

24-01 

365 

34 

20 

27 

16 

0.44 

01-02 

358 

25 

9 

18 

1 

0.03 

02-03 

243 

22 

2 

4 

2 

0.06 

’ 03-04 

« 

181 

14 

8 

14 

2 

0.06 

» 04-05 

211 

20 

9 

17 

3 

0.08 

05-06 

178 

16 

7 

13 

__1 

0.03 

TOTAL 


3372 


180 


93 


Table  n-43. 


ry  of  the  Vertical  Stratification  of  Man-biting  Activity  of  C. 
peaudodiabolicua  eaA  C.  aabaldoni . 


Site  and 

E Ifivat  ion 

C.  paeudodiabolicua 

Mo.  Taken  10  1 

C. 

No.  Taken 

gabaldoni 

M_x  100 

G 

Buenoa  Airea  I 

Ground 

929 

11 

23,9 

34 

14 

29.2 

Underatory 

1910 

18 

39.1 

58 

16 

33.3 

Canopy 

2644 

17 

37.0 

42 

18 

37.5 

Providencia 

Ground 

593 

4 

14.8 

5 

2 

4,3 

Underatory 

1434 

11 

40.7 

34 

13 

28.3 

Canopy 

2342 

12 

44.4 

101 

31 

67.4 

Tiroteoa 

Ground 

1009 

6 

21.4 

6 

2 

1.0 

Underatory 

1423 

11 

39.3 

154 

41 

20.4 

Canopy 

2093 

11 

39.3 

723 

158 

78.6 

Buenoa  Aires  11 

Ground 

16 

7 

22.6 

Underatory 

23 

11 

35.5 

canopy 

30 

13 

41.9 

T«bl®  1-44.  SuM«Ty  of  Man-bltlng  Activity  at  the  Six  Clearing  Sitea  for  C.  paeudodlaboUcua , C-  lual 


Idonl  and  All  Speclea  Combined. 
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Tabic  11-46  Syctcnatlc  ArraDgeaent  of  the  Culicoldea  of  the  Provldencla  Study  Area. 

Subgenua  Roffaania  Pox 
venuatua  group 

fllarlferua  Hoffman,  1939 
foxl  Ortiz,  1951 

fuaipalpia,  Wlrth  and  Blanton,  1973 
Ignacloi  Porattlni,  1957 
Inaignia  Lutz,  1931 
paeudodlabollcua  Pox,  1946 

hylaa  group 

hellconlae  Pox  and  Hoffman,  1944 
hylaa  Macfie,  1940 
palpalla  Macfie,  1948 
polypori  Wlrth  and  Blanton,  1968 
verecundua  Macfie,  1948 

Subgenua  Avar It la  Pox 

puslllus  Lutz,  1913 

Subgenua  Anllomyla  Vargaa 
covagarclal  group 

metagonatua  Wlrth  and  Blanton,  1956 
ep.  P 

covagarclal  Ortiz,  1950 

Bubgenua  Drymadeanyla  Vargaa 
daedalue  group 


antefurcatua  Wlrth  and  Blanton,  1959 


Subgenus  Oecaeta 


liaal  group 

vemonl  Wirth  and  Blanton,  1973 
monticola  Wirth  and  Lee,  1967 
limai  Barretto,  1944 

acotylus  group 

lanel  Orttr,  1950 

*venezueleosis  Ortiz  and  Mirsa,  1950 
reticulatua  group 

dlcrourous  Wirth  and  Blanton,  1955 
paucien  fuscatus  Barbosa,  1947 
macrostlgma  Wirth  and  Blanton,  1953 


fluvlalls  group 

balsapambensls  Ortiz  and  Leon,  1955 
castillae  Fox,  1946 
fluvlalls  Macfie,  1950 
leopoldoi  Ortiz,  1952 
proprlipennis  Hacfle,  1948 
tetrathyris  Wirth  and  Blanton,  1959 
albuquerquei,  Wirth  and  Blanton,  1973 

transferrans  group 

eublepharus  Macfie,  1948 
patulipalpis  Wirth  and  Blanton,  1959 
rangeli  Ortiz  and  Mirsa,  1952 


leonl  group 

close  Co  fieldl  Wirth  and  Blanton,  1956 

glabellus  WirCh  and  Blanton,  1956 
leonl  Barbosa,  1952 

close  to  benarrochei  Ortiz  and  Mirsa,  1952 
sp.  C 
sp.  I 

deblllpalpls  group 

close  to  deblllpalpls  Lutz,  1913 
gabaldoni  Ortiz,  195A 
glneal  Ortiz,  1952 
guerral  Wirth  and  Blanton,  1971 
mlrsae  Ortiz,  1953 
spurlus  Wirth  and  Blanton,  1959 
close  to  paraensls  (Goeldl) , 1905 
close  to  glabrlor  Macfle,  1940 
sp . B 
sp . L 
sp.  N 

pachymerus  group 

obnoxlus  Pox,  1952 
unlradlalls  Wirth  and  Blanton,  1953 
almirantel  Wirth  and  Blanton,  1959 

Ungrouped  species 
sp . A 
sp . G 
sp . H 
sp . 0 


Figure  It-29 .Temporal  pattern  of  man-bltlng  activity  In  forest  by  C.  pseudodlabq Ileus  based  on  geometric  means 
converted  to  percentages.  Each  catch  period  approximates  the  corresponding  hour. 


TABANIDAE 
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RESULTS 

A check  list  of  the  Tabanidae  of  the  Providencia  region  is  presented 
in  Table  11-47.  Tabulation  of  the  raw  data  has  been  completed  and  is  now 
being  transferred  to  computer  cards  for  final  analysis.  The  following 
discussion  is  a preliminary  summary  of  portions  of  the  field  data.  After 
our  analyses  have  been  completed,  a detailed  report  will  be  presented  as 
a supplement. 

The  vertical  distribution  of  Dichelacera  chocoensis  (Tables  11-48,11-49) 
shows  that  this  tabanid  has  a very  pronounced  preference  for  the  ground 
level  and  is  only  occasionally  found  in  the  canopy.  This  distinct  preference 
for  the  ground  level  occurs  at  all  of  the  sites  but  is  especially  striking 
at  the  Tiroteos,  the  site  of  this  species'  greatest  abundance  (Tables  11-49, 
IE-50).The  biting  activity  of  this  species  reached  a maximum  in  the  after- 
noon from  approximately  1400  to  1800  hours.  Catch  period  17  was  the  first 
period  of  the  night  platform  studies,  and  thus  the  peak  of  biting  activity 
observed  for  this  period  may  have  partially  been  due  to  an  increase  in 
the  numbers  of  this  species  in  the  vicinity  of  the  platform  site  resulting 
from  their  attraction  to  the  workers  as  they  passed  through  a portion  of 


I 


Table  TI-  47 

Checklist  of  Tabanidae  of  the  Providencia  region 

Esenbeckia  (Esenbeckia)  translucens  (Macquart)  1846 

Fidena  (Fidena)  er iomeroides  (Lutz)  1909 

Fidena  (Fidena)  flavipennis  Krbber  1931 

Fidena  (Fidena)  schildi  (Hine)  1925 

Chrysops  leucospilus  Wiedmann  1828 

Chrysops  mexicanus  Krbber  1925 

Chrysops  nexosus  Fairchild  (not  yet  described) 

Chrysops  soror  Krbber  1925 

Chrysops  varians  var.  tardus  Wiedmann  1828 

Stenotabanus  (Stenotabanus)  incipiens  (Walker)  1860 

Stenotabanus  (Stenotabanus)  obscurus  Krbber  1929 

Stenotabanus  (Stenotabanus)  sordidatus  Fairchild  1958 

Himantostylus  intermedius  Lutz  1913 

Diachlorus  curvipes  (Fabricius)  1805 

Bolbodimyia  erythrocephala  (Bigot)  1892 

Bolbodimyia  galindoi  Fairchild  1964 

Bolbodimyia  philipi  Stone  1954 

Selasoma  tibiale  (Fabricius)  1805 

Chlorotabanus  inanis  (Fabricius)  1787 

Chlorotabanus  mexicanus  (Linnaeus)  1758 

Phaeotabanus  phaeopterus  Fairchild  1964 

Dichelacera  (Dichelacera)  chocoensis  Fairchild  and  Philip  1960 
Dichelacera  (Dichelacera)  regina  Fairchild  1940 
Dichelacera  (Dichelacera)  scapularis  Macquart  1847 
Dichelacera  (Dichelacera)  submarginata  Lutz  1915 
Dichelacera  (Dichelacera)  marginata  Macquart  1847 
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Table  U-  47  (cent) 

Dlchelacera  (Desmatochelacera)  trasposita  Walker  1854 
Dichelacera  (Idiochelacera)  subcallosa  Fairchild  and  Philip  1960 
Catachlorops  (Amphichorops)  flavissimus  (to  be  described) 

Catachlorops  (Psalidia)  fulmineus  (Hine)  1920 

Catachlorops  (Psalidia)  fulmineus  (Hine)  1920  var.  ocellatus  Enderlein  1925 

Catachlorops  (Psalidia)  umbratus  (Hine)  1920 

Catachlorops  (Psarochlorops)  quadrimaculatus  (Macquart)  1846 

Stibasoma  (Stibasoma)  flaviventre  (Macquart)  1848 

Stibasoma  (Stibasoma)  fulvohirtum  (Wiedemann)  1828 

Stibasoma  (Stibasoma)  panamensis  Curran  1934 

Philipotabanus  (Philipotabanus)  magnificus  (KrOber)  1934 

Phllipotabanus  (Philipotabanus)  nigrinubilus  (Fairchild)  1953 

Philipotabanus  (Melasmatabanus)  fascipennis  (Macquart)  1846 

Philipotabanus  (Melasmatabanus)  criton  (Krbber)  1934 

Philipotabanus  (Mimotabanus)  fucosus  Fairchild  1958 

Philipotabanus  (Mimotabanus)  annectans  Fairchild  1975 

Philipotabanus  (Mimotabanus)  porter!  Fairchild  1975 

Stypommisa  captiroptera  (Krober)  1930 

Styponjnisa  jaculatrix  (Fairchild)  1942 

Stypommisa  modica  (Hine)  1920 

Stypommisa  maruccli  (Fairchild)  1947 

Stypommisa  pequeniensis  (Fairchild)  1942 

Stypommisa  serena  (Krober)  1931 

Stypommisa  sp.  N 

Leucotabanus  exaestuans  (Linnaeus)  1758 
Leucotabanus  flavinotum  (Krbber)  1934 
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Table  11-47  (cont) 

Poeciloderas  quadrlpunctatus  (Fabricius)  1805  var.  amabllinus  Philip  1960 
Tabanus  antarcticus  Linnaeus  1758 

Tabanus  dorsiger  Wiedemann  1821  var.  dorsovittatus  Macquart  1855 

Tabanus  dorsiger  ssp.  modestus  Wiedemann  1828 

Tabanus  dorsiger  ssp.  stenocephalus  Hlne  1906 

Tabanus  macquarti  Schiner  1868 

Tabanus  thiemeana  ssp.  surifer  Fairchild  1964 

Tabanus  pungens  Wiedemann  1828 
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Table  n-49l  Vertical 
at  four 


Buenos  Aires  I 
Ground  level 
Understory 
Canopy 

Buenos  Aires  II 
Ground  level 
Understory 
Canopy 

Providencia 
Ground  level 
Understory 
Canopy 

Tiroteos 

Ground  level 

Understory 

Canopy 


distribution  of  Dichelacera  chocoensis 
forest  collecting  sites. 


No.  Taken 

No. /Period 

7. 

190 

1.28 

70 

61 

0.41 

23 

18 

0.12 

7 

71 

0.52 

69 

28 

0.20 

27 

4 

0.03 

4 

780 

4.48 

82 

130 

0.75 

14 

35 

0.20 

4 

1262 

7.56 

92 

81 

0.43 

6 

31 

0.18 

2 

Table  15-50.  Temporal  distribution  of  Dichelacera  choc oensis  biting  activity  at  different  forest  sites 
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the  forest  to  reach  the  platform  site.  The  slight  decline  in  activity 
during  catch  period  16  at  ground  level  coincided  with  a slight  increase 
in  the  understory  level.  A small  decrease  In  the  biting  activity  occurred 
during  catch  period  16  at  the  Providencia  and  Tiroteos  sites  but  did 
not  occur  at  the  Buenos  Aires  sites.  D.  chocoeneais  had  a distinct  pattern 
of  seasonal  abundance  (Table  lt-5i) . Adults  were  not  present  from  January 
through  March  and  very  few  were  found  in  December  and  April.  A well  defined 
peak  of  the  adult  population  occurred  in  June  and  July,  at  which  time  it 
was  very  abundant  in  the  forested  areas  of  the  Providencia  region. 

Styponmisa  modlca  had  a pronounced  preference  for  the  canopy  at  all 
four  platform  sites  and  was  most  abundant  at  the  Providencia  and  Tiroteos 
sites  (Tables  11-52,11-53).  A peak  in  biting  activity  occurred  from  approximately 
1100  to  1200  hours,  which  was  followed  by  a gradually  decreasing  level 
of  activity  throughout  the  remainder  of  the  diurnal  periods  (Tables  11-52,  n- 5 4). 
However,  at  the  Buenos  Aires  II  site  a peak  in  biting  activity  did  not 
occur  until  catch  period  13,  and  in  the  understory  there  was  a rather 
uniform  period  of  biting  activity  extending  to  about  1600  hours.  The 
adult  population  of  Stypommisa  modlca  was  quite  seasonal  (Table  II- 5^  . A 
distinct  peak  in  abur.dance  occurred  during  April  and  was  followed  by  a 
decline  that  appeared  to  be  rapid  at  first  and  then  quite  slow.  By 
November  all  of  the  adults  had  disappeared  and  none  were  encountered 
again  until  February. 

Additional  information  about  the  diurnal  biting  activity  and  seasonal 
distribution  of  various  species  of  Tabanidae  was  acquired  by  collecting 
from  two  horses  or  mules  all  individuals  of  this  family  over  a standardized 
period  of  time  at  the  edge  of  forested  areas.  The  first  collections  were 
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Table  11-53.  Vertical 

distribution  of 

Stvpommisa  modica 

at  four 

forest  collecting  sites. 

No.  Taken 

No. /Period 

7. 

Buenos  Aires  I 

Ground  level 

12 

0.09 

15 

Undersotry 

8 

0.06 

10 

Canopy 

60 

0.44 

75 

Buenos  Aires  II 

Ground  level 

7 

0.05 

8 

Understory 

26 

0.19 

28 

Canopy 

58 

0.43 

64 

Providencia 

Ground  level 

12 

0.07 

4 

Understory 

53 

0.32 

15 

Canopy 

282 

1.72 

81 

Tiroteos 

Ground  level 

4 

0.02 

2 

Understory 

56 

0.35 

22 

Canopy 

189 

1.20 

76 

P 

f 

i 


Table  n-54.  Temporal  distribution  of  Stypownisa  modlca  biting  activity  at  different  sites. 
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abcxit  3-5  hours  in  duration,  but  they  were  soon  extended  to  cover  11  catch 
periods,  which  corresponded  with  the  interval  of  time  from  approximately 
0700  to  1800  hours.  The  tabanids  were  collected  individually  in  5-dram 
vials,  and  at  the  end  of  each  catch  period,  the  accumulated  vials  were 
placed  in  an  appropriately  labeled  plastic  bag.  The  specimens  were  then 
processed  in  a manner  similar  to  that  already  described  for  the  insects 
collected  during  the  platform  studies.  Due  to  fluctuations  in  the  avail- 
ability of  horses  and  mules,  it  was  not  possible  to  collect  in  the  same 
area  throughout  the  entire  year.  This  has  undoubtedly  influenced  the  data, 
since  highly  localized  differences  in  species  composition  and  size  of  the 
tabanld  populations  are  thought  to  occur.  Usually  two  eleven-period  col- 
lections were  made  per  month;  however  for  October  there  was  only  one,  for 
April  and  June  there  were  3,  and  for  May  there  were  four  collections.  Three 
day-long  collections  and  several  3-5  hour  collections  were  made  in  July. 

The  diurnal  biting  activity  and  seasonal  distribution  of  the  six  most 
common  tabanids  attracted  to  the  horses  and  mules  is  presented  in  Tables 
11-36, n-j7.  There  was  considerable  variability  among  the  different  species 
as  to  the  time  a peak  in  their  biting  activity  occurred  (Table n-5^.  stypo- 
mmisamodlca  had  the  earliest  peak,  which  occurred  from  approximately  1200 
to  1300  hours,  while  Stypommi sa  pequeniensis  had  the  latest  peak  which  occurred 
from  approximately  1700  to  1800  hours.  Both  species  of  Stypownisa  and 
both  species  of  Leucotabanus  attained  their  maximum  population  size  in 
Agnril  (Table  11-62).  Adults  of  Poe cl lode ras  quadrlpunctatua  var.  amabilinus 
appeared  to  have  a peak  level  of  abundance  in  January  and  February,  a 
time  at  which  most  other  species  are  either  not  present  or  are  present 
only  in  small  numbers.  Monthly  fluctuations  in  biting  activity  are  least 
pronounced  for  this  species. 


CO 

•w 

C 

<0 

CO 

H 


O 

CO 


O 
vD  CM 

• 

00  00 
CM 


sO 

CO 


o 

T— J 


s£> 

<1- 


vO 

CO 

00  • 
CM 


o 

so  CM 
CO  • 


Qi 

X JZ 

u u 


OS 

CO 

so 

pH 

ON 

pH 

CO 

CJs 

CO 

cys  00 

On  CO 

sO  00 

On  CO 

E - 

*-*  1 

CM 

o • 

• 

On  • 

• 

CM  • 

• 

•p4  C 

vO  O 

O 

f-4  vO 

O 

O 

O 

X •H 

o 

CM 

O CO 

u u 

CL 

CO 

CO  Q> 

c j: 
o 

•M  X 


o 

CO 

CO 

CO 

O 

CO 

o 

CO  •H 

c ^ 

(A 

m 

o 

O CO 

CM  r- 

so  40 

ON  CO 

o 

pH  fp. 

00 

o 

pH 

CO 

O • 

CM  * 

r- 

• 

CO  • 

40  • 

•H  (0 

•r4 

rv.  <o 

o 

CM 

o 

pH 

pH 

W 'V 

U 

CM 

<1>  o 

Q> 

-o  H 

Cu 

Li 

CO 

r-. 

sO 

<o 

ON 

CJN 

Li  <U 

3 pH 

X 

CJN 

CM  CM 

40  00 

<}■  00 

CO  r- 

CO 

Ht  pH 

O 

•r^ 

pH 

CM 

so  • 

CM  • 

CM 

CM  • 

CM  • 

CO  • 

jr 

CO 

fv.  sO 

o 

o 

O 

o 

O 

CM 

a>  Li 

MH 

JZ  CO 

O 

LI  <D 

>» 

CM 

m 

ON 

00 

pH 

W 

CO 

00 

CO  CO 

00  CO 

pH  CO 

CM 

^ pH 

vj-  CM 

(0  4)  (U 

•pH 

pH 

CM 

CO  • 

pH  • 

CM  • 

• 

CO  • 

-O  X *0 

> 

CO  CO 

pH 

o 

O 

o 

(0 

0 Li  3 

•pH 

pH 

0) 

•H  pH 

4H 

Li  LI  U 

U 

•H 

o;  3 X 

CO 

(0 

CL  O <D 

CO 

ON 

00 

O 

CJN 

X 

00 

CM 

CM 

o 

<t  pH 

pH  ^ 

pH  O 

CO  m 

H oo  CO 

c 

pH 

CM 

LO  • 

CM  • 

CO  • 

• 

^4  • 

00 

• J 3 ‘H 

•pH 

pH 

pH 

o 

pH 

o 

o 

•V 

3 0 

4H 

0) 

O*  JH  -O 

•pH 

0^0 

4J 

LI  H 

(0 

CM  Li 

CM 

tn 

so 

ON 

ON 

00 

V 

pH  J <D 

o 

pH 

CM 

pH 

m pH 

ON  m 

CO  O 

sO 

Li  CL 

pH 

CO 

so  • 

CM  • 

• 

pH  • 

• 

• 

o 

O OO 

c 

rH  m 

O 

o 

O 

o 

o 

44H 

LI  C 

o 

c <u  cd 

•rH 

iJ 

•H  pH  TJ 

H-> 

0 

•o  >s  LI 

X3 

CO 

o 

On 

00 

CO 

CM 

(0 

CO  to 

•pH 

o 

CM 

00  <?N 

sO  4A 

sO  f-H 

CM  vO 

pH  O 

iH 

<v 

•o  -o  Li 

Li 

pH 

CO 

40  • 

pH  • 

• 

CM  • 

• 

• 

pH 

•iH  •pH 

4-1 

pH 

CO 

o 

o 

O 

o 

o 

2 

> X ^ 

CO 

3 

B 

•H  LI 

•pH 

C 

-O  ‘H  Q) 

•pH 

Li 

> X 

pH 

O 

(0  H 

pH 

pH 

•fH 

pH 

pH 

ON 

VO 

to 

•H  (0 

CO 

CJN 

CM 

00  CO 

x> 

o CO 

O CO 

m 

CM  O 

40  pH 

(0 

0) 

Li 

o 

CO 

CO  • 

CO 

pH 

pH  • 

ON  • 

• 

• 

<v 

LI  .pH  • 

O 

pH  ^ 

E 

o 

O 

*H  o 

o 

o 

(0 

01  L»  tJ 

CL 

cO 

Li 

to  Cd  o> 

E 

0 

C > *0 

JZ 

3 3 

vO 

fC 

o 

CO 

o 

vO 

o 

U 

o 

pH 

00 

o 

C7N 

CJs 

> 

VO 

CM 

pH 

VO 

CM 

o 

o 

CM 

o 

3 

*3 

•H 

X 

Cl 

O 

CO 

m 

« 

• 

♦ 

• 

L 

C 

■§ 

01 

c 

pH 

to 

o 

o 

o 

o 

td 

iH 

3 

B 

01 

3 

Ll 

O 

0) 

Ll 

•pH 

Cd 

Ll 

to 

O 

3 

•o 

XJ 

cn 

cr 

CO 

p 

4Lt 

•H 

•H 

pH 

o 

vO 

pH 

c 

<5* 

VO 

Ll 

Ll 

0> 

r>. 

mJ 

to 

c: 

Cf 

pH 

ra 

40 

CM 

o 

o 

Ll 

pH 

o 

Cd 

'd- 

pH 

to 

C 

0) 

bO 

> 

O 

CM 

•pH 

CO 

• 

3 

• 

Ui 

p 

• 

• 

c 

3 

Ou 

C 

• H 

to 

pH 

a 

o 

L 

<u 

•H 

p 

o 

g 

o 

H 

o 

o 

to 

•H 

LI 

cfl 

C 

<D 

•pH 

Ll 

ctj] 

CJ 

•H 

K- 

CO 

01 

Cd 

X 

<y 

•pH 

Ll 

c 

X 

u 

Ll 

u 

Ll 

CM  1 

O 

•o 

w 

<D 

U 

0) 

<d 

0> 

CTJ 

00 

Ll 

Cd 

3 

•H 

0) 

3 

01 

pH 

CL 

c 

O 

•D 

2j 

't3 

CT* 

TJ 

•O  1 

•3 

(Lli 

•o 

3 

pH 

> 

pH 

s 

•H 

jz 

o; 

(U 

0) 

0) 

o' 

Q) 

0) 

0) 

pH 

u 

Lh 

O 

0 

c 

pH 

o 

XJ 

Ll 

L) 

u 

Ll 

Ll 

o 

01 

O 

U 

a 

c 

U 

Xf 

CO 

o 

■g 

LH 

O 

*3 

u 

g 

CO 

o 

g 

to 

u 

g 

o 

•H 

> 

CO 

a> 

o 

Cd 

0) 

0) 

O 

3 

0) 

3 

<v 

PO  *3 

sO 

00 

Ll 

pH 

•pH 

Ll 

pH 

•pH 

to 

P—4 

•^ 

cd 

pH 

•pH 

C 

^H 

•pH 

C 

rH 

lH 

c 

01 

c 

01 

40 

1 

0) 

pH 

u 

pH 

Ll 

to 

f-H 

Ll 

CO 

pH 

Ll 

Cd 

^H 

Ll 

<d 

pH 

Ll 

o 

s 

•H 

Ll 

,o 

u 

0 

Oi 

-o 

0 

01 

•pH 

o 

<V 

0 

(V 

JO 

o 

01 

Xi 

o 

01 

•H 

c 

d 

H 

to 

CQ 

CJ 

Oi 

0 

CJ 

R 

CJ 

pH 

g 

o 

(U 

cd 

u 

Ph 

td 

CJ 

pH 

TJ 

Ll 

c 

3 

•g 

"•S^. 

pH 

B 

B 

Ll 

Ll 

01 

•H 

> 

Oi 

a> 

• 

• 

• 

o 

• 

• 

o 

• 

• 

o 

• 

• 

0 

• 

• 

to 

01 

bO 

01 

^H 

*H 

•H 

JZ 

6 

o 

ul 

o 

0 

CL 

o 

0 

a 

o 

o 

u 

o 

o 

u 

o 

o 

Cd 

01 

Ll 

.o 

Lt 

Ll 

o 

z 

z 

z 

z 

z 

z 

z 

z 

3 

z 

z 

3 

z 

z 

CQ 

pO 

a 

cQ 

<u 

0^ 

•H 

c 

Ll 

Ll 

H 

Pu 

P4 

Ql 

cu 

c/.: 

00 

iJ 

pH) 

CM| 

Table n-57-  Seasonal  distribution  of  six  species  of  Tabanidae. 


11-273 

I 


. 

ON 

00 

u 

pH 

CM  O 

\0  CM 

01 

CM 

• 

• 

Q 

o 

o 

• 

m 

m 

> 

o 

ir,  CM 

CO 

o 

CM 

O • 

2 

pH  Lr> 

O 

4^ 

o 

o 

CM  CM 

1 

10 

pH 

CO  • 

cn 

O 

4H 

CO 

Cl 

Ox 

mJ- 

0) 

pH 

un  • 

rH  • 

CO 

cn  CO 

o 

pH 

, 

o 

o 

00 

m CM 

iTi  CM 

3 

CM 

fO 

< 

0^  CM 

O 

CM 

>, 

pH 

O 

iTk 

m <t 

3 

m 

CM  • 

vD  <n 

O 

CO 

m 

C 

ro 

pH  CO 

m 

3 

CO 

o • 

CM  • 

o o 

O 

rH  C*^ 

m 

<1* 

os  <3* 

<0 

00  • 

pH 

2 

CM  \0 

o 

pH 

>3“ 

CO 

UO 

•H 

CO 

00 

CM 

3 

<r 

u 

cn 

C 

pH 

• 

cu 

O 

•H 

o 

< 

pH 

•H 

rjO 

• 

00 

u 

pH 

O 

o 

s 

CM 

eg 

CM 

CO 

1^ 

2 

o 

u 

> 

fH 

.o 

CM 

o 

o 

o 

00 

01 

CM 

(0 

Ht 

Ch 

3 

pH 

ij 

<0 

4H 

• 

O 

OS 

c 

pH 

CO 

o 

o 

d 

CO 

o 

to 

CM 

•H 

3 

CM 

•-> 

CO 

a 

pH 

c 

•H 

01 

u 

0 

TJ 

CJ 

to 

O 

3 

•o 

J= 

01 

CT 

01 

pH 

o 

■u 

u 

0> 

O 

CO 

u 

> 

<0 

V 

o 

tfl 

01 

o 

01 

Li 

pH 

•rH 

w 

pH 

•H 

pj 

0) 

pH 

iH 

oil 

u 

o 

0 

01 

Vi 

o 

01 

CA 

cd 

o 

o| 

u 

Oh 

"8 

pH 

01 

, 

pH  I 
•H 

, 

•H 

jc! 

0 

0 

o 

d 

u 

U 1 

2 

2 

01 

2 

2 

01 

'•M  ! 

o 

Oh 

Q 

a« 

o o 


o o 


o 


VX)  00 


o 

PO  • 


r«». 


rH  O 

o • 

pH  CO 


<1*  CM 
■ 

rH  Cn 


00 
00  tn 

pH  • 
rH  fO 


o 

<M  pH 

O 


o o 


<u 

Si 

04  o 
01 


o o 


-o 

o 

•p< 

0) 


al  o c 
>3z  2 


0\ 

O O 

O O 

CM  O 

os 

• 

o 

>> 

pH 

3 

m 

o o 

O O 

pH  o 

x. 

d 

00 

3 

0 

Li 

O 

O 

X 

o o 

pH  pH 

pH  r^ 

4J 

o 

o 

o 

os 

pH 

^4 

pH 

o 

\£>  CO 

vj-  'M 

CM  pH 

• 

• 

• 

••H 

o 

o 

o 

3 

1-3 

B 

00 

r^ 

tn 

0 

•O’  cn 

OS  CO 

so  CM 

u 

^H 

• 

• 

Hh 

o 

O 

o 

CO 

01 

u 

vd’ 

o 

•rH 

CM  O 

CM  00 

O 00 

CO 

• 

Ht 

vf  • 

o 

O 

o 

(U 

00 

*3 

<11 

C7S 

o 

mT 

CO  CO 

o o 

00  tn 

■U 

pH  • 

CM  • 

pH  • 

(0 

o 

o 

o 

di 

Li 

O 

tM 

m 

tn 

OS 

pH  cm 

o <f 

00  o 

4J 

pH  • 

CM  • 

<1-  * 

tej 

O 

o 

pH 

CO 

0) 

pH 

OS 

3 

m to 

CO  CM 

v£)  vO 

£ 

00  • 

lO  . 

cm 

CM 

L4 

o 

CO 

v£> 

CTs 

00 

01 

CM  o 

\D  CM 

CO 

CO  • 

* 

> 

L4 

pH 

O 

o 

0 

X 

0 

CM 

CO 

00 

to  CM 

pH 

trv  \o 

pH  • 

O 

o 

o 

i 

u 


g 

(0 

3 

o o c 

o 2 

3 

0 

U 

•r4 

CO 

CO 

> 

01 

u 

CO 

to 

•rH 

•X3 

T3  5^ 

/I 

01  H- 

(j)  01 

•H 

0) 

Qk 


U 73 

o>  o 

pH  •H 
rH 

O 0) 
U Oi 


o o 
2 2 


T3 

0) 

u 

Z -8 


0) 

04 


o o 
2 2 


V) 

d 

o 


u 

0> 


o 

u 

c 

0 

T3 

01 
0) 

^1 


SIMULIIDAE 


11-274 


RESULTS 

By  far,  the  most  abundant  biting  group  in  the  clearing  habitat  were 
the  Simuliidae.  Since  large  numbers  of  the  two  species  of  blackflies, 
Simulium  metallicum  Bellardi  and  exiguum  Roubaud  were  collected,  it  is 
possible  to  examine  the  relationships  between  the  different  sites  statis- 
tically. This  was  done  by  means  of  correlating  each  site  against  each 
other  in  average  numbers  caught  per  collection  period  on  a monthly  basis. 
This  tells  us  which  sites  are  subject  to  the  same  influences  determining 
seasonal  abundance  of  blackflies  biting  man  (Table  11-58). 

Using  the  same  technique  to  compare  daily  averages  for  sites  collected 
simultaneously  (Sites  A,  B,  and  D together;  sites  C,  E,  and  F together),  it 
is  possible  to  correlate  dally  activity  fluctuations.  The  biting  activity 
of  metallicum  was  greatest  during  the  first  catch  period,  approximately 
from  0700  to  0800  hrs.  The  mean  catch  declined  noticeably  through  the  third 
period,  and  remained  relatively  constant  thereafter  (Fig.  11-30).  In  con- 
trast, the  biting  activity  of  exiguum  was  less,  but  variable,  throughout 
the  collecting  periods  (Fig.  11-31).  Interestingly,  exiguum  was  infre- 
quently collected  from  bench  site  D. 

If  we  assume  that  the  data  in  Table  11-58  represent  correlation  of 
seasonal  activity  and  the  data  in  Table  11-59  represent  correlation  of  daily 
activity,  then  for  Simulium  metallicum  Bellardi,  site  A acts  most  indepen- 
dently of  the  other  sites  with  respect  to  both  seasonal  and  daily  variation. 
Similarly,  we  can  conclude  that  site  C is  most  representative  of  all  sites. 
With  respect  to  _S-  exiguum  Roubaud,  site  F is  roost  dissimilar  to  the  others 
with  respect  to  seasonal  variation  while  site  A varies  most  independently 
on  a daily  basis.  Again  for  exiguum,  site  C is  most  representative  of 
all  sites. 

The  same  analysis  was  applied  to  relate  rainfall  levels  taken  at  the 
Providencla  electrical  plant  to  monthly  activity  of  both  Simulium  species. 
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Table  11-58.  Correlation  of  average  hourly  catch  per  month 
between  clearing  sites. 


Correlation  Coefficient 


Site 

Degrees  of 

Combination 

Freedom 

Simulium 

metallicum 

Simulium 

exiKuutn 

A X B 

9 

0.524 

NS 

0.833 

** 

A X C 

9 

0.688 

* 

0.761 

kk 

A X D 

9 

0.686 

* 

0.676 

k 

A X E 

8 

0 867 

•kic 

0.777 

kk 

A X F 

8 

0.450 

NS 

0.623 

NS 

B X C 

9 

0 859 

iek 

0.900 

** 

B X D 

9 

0.887 

k* 

0.878 

B X E 

8 

0.765 

kk 

0.514 

NS 

B X F 

8 

0.911 

kk 

0.257 

NS 

C X D 

9 

0.764 

kk 

0.984 

** 

C X E 

8 

0.889 

kk 

0.798 

kk 

C X F 

8 

0.927 

** 

0.828 

kk 

D X E 

8 

0.746 

k 

0.642 

k 

D X F 

8 

0.790 

kk 

0.661 

k 

E X F 

8 

0.740 

k 

0.875 

kk 

Significant 
at  17o  level 


NS  - Not  Significant 


* - 


Significant  at  5%  level 
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This  was  done  by  matching  hourly  average  catches  per  month  first  with  the 
rainfall  of  the  same  month  (month  0),  then  with  the  previous  month  (month 

-1),  then  with  that  of  two  months  earlier  (month  -2),  and  finally  the  ^ 

rainfa-1  three  months  previous  (month  -3).  Although  no  significant  cor- 
relation could  be  found  between  these  data  for  metallicum  Bellardi, 
significant  correlation  was  found  for  S^.  exiguum  Roubaud  at  all  sites  at 
either  month  -2  or  month  -3  (Table  11-60). 

'.'his  correlation  indicates  that  conditions  favorable  for  a large 
larval  population  produce  adult  peak  populations  (as  Indicated  by  catch) 

in  2 -3  months,  after  which  the  catch  again  drops.  One  possible  conclusion  I 

is  that  it  takes  the  population  this  long  to  reach  carrying  capacity. 

Since  the  generation  time  for  this  species  is  about  18-20  days  (Dalmat 

1955)  this  lag  seems  to  be  approximately  three  generations.  / 

Presently,  a final  statistical  procedure  is  being  applied  to  the  data. 

In  attempt  to  examine  population  diversity  at  a closer  level,  generic 
diversity  indices  are  being  computed  for  each  collection  day  at  each  site. 

Cameron  (1972)  found  that  diversity  indices  relate  directly  to  resource 
availability.  Thus,  trends  in  diversity  may  indicate  trends  in  resource 

levels  throughout  the  year.  . 

The  ideas  presented  in  this  discussion  were  necessarily  not  definitive. 

Some  of  the  data  seems  to  yield  conflicting  information  upon  analysis  and 
until  closer  examination  is  made,  it  is  difficult  to  give  definite  information 
concerning  site  interrelations  and  monthly  and  daily  activity  levels. 

Definite  conclusions  concerning  the  general  ecology  of  cleared  sections 


of  rainforest  and  their  effects  on  hematophagous  insect  populations 
require  additional  study. 
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Table  II- 60.  Correlation  of  rainfall  with  monthly  biting  activity  of 
Simulium  exiguum  Roubaud. 


Month 

Site  A 

Site  B 

Site  C 

Site  D 

Site  F. 

Site  F 

0 

0.541 

0.318 

0.295 

0.134 

0.533 

0.488 

-1 

0.162 

0.417 

0.547 

0.525 

0.174 

0.000 

-2 

0.652** 

0.856* 

0.909* 

0.949* 

0.301 

0 . 290 

-3 

0.336 

0.030 

0.235 

0.200 

0.642* 

0.822 

* Significant  at  57.  level,  **  Significant  at  17.  level. 
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Within  the  forest  the  biting  activity  of  the  black  fly,  Simulium 
metalllcum  appeared  to  be  of  greatest  Intensity  in  the  canopy  (Tables 
II-61,  11-62).  This  preference  was  most  pronounced  at  the  Providencia 
site,  which  was  also  the  area  where  this  species  was  most  abundant  (Table 
11-62).  The  biting  activity  of  metalllcum  at  the  Buenos  Aires  I site 
appears  to  have  been  greatest  at  ground  level,  and  at  the  Buenos  Aires  II 
site  this  blackfly  occurred  in  almost  equal  numbers  at  ground  level  in 
the  canopy.  The  summary  of  temporal  distribution  shows  that  biting 
activity  peaked  in  the  catch  period  beginning  at  0700  hours  and  declined 
abruptly  during  the  following  catch  period  followed  by  a desent  to  about 
1300  hours  (Tables  11-61,11-6 3). A similar  pattern  occurred  in  the  canopy  but 
after  catch  period  13  there  was  an  increase  in  biting  activity  again 
which  reached  a second  peak  at  approximately  1700  hours.  At  ground  level 
the  biting  activity  of  metalliflim  was  most  pronounced  from  0900  to  1200 
hours  and  is  very  low  after  1500  hours.  This  species  was  never  observed 
biting  in  the  forest  after  sunset.  Considerable  variations  in  the  time  of 
maximum  biting  activity  existed  between  the  platform  sites.  The  Providencia 
site  had  a temporal  distribution  very  similar  to  that  already  described 
for  the  canopy,  while  no  distinct  peak  of  activity  was  evident  at  the  Buenos 
Aires  I site.  The  seasonal  distribution  of  biting  activity  suggests  that 
the  population  level  of  metalllcum  attained  a pronounced  peak  in  April 
and  May  (Taole  T1-6A).  However,  the  high  rate  of  biting  activity  observed 
in  April  may  be  unusual,  since  it  could  have  been  produced  by  the  abnormally 
high  March  rainfall. 


TableII-6l,  Simuliutn  metalllcum  diurnal  temporal  and  vertical  patterns  of  biting  activity  in  the  forest. 
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Table n-62-  Vertical  distribution  of  Simulium  metallicum 
at  four  forest  collecting  sites. 


No . Taken 

No. /Period 

% 

Buenos  Aires  I 

Ground  level 

101 

0.74 

48 

Understory 

31 

0.23 

15 

Canopy 

77 

0.57 

37 

Buenos  Aires  II 

Ground  level 

54 

0.40 

40 

Understory 

28 

0.21 

21 

Canopy 

52 

0.38 

39 

Providencia 

Ground  level 

198 

1.20 

20 

Understory 

144 

0.87 

15 

Canopy 

627 

3.82 

65 

Tiroteos 

Ground  level 

11 

0.07 

12 

Understory 

28 

0.17 

32 

Canopy 

50 

0.32 

56 

Table  11-63 .Temporal  distribution  of  Simulium  metallicum  biting  activity  at  different  sites. 
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Tablen-64.  Seasonal  distribution  of  Simulium  metallicum  biting  activity 
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RESULTS 

The  most  abundant  man-bltlng  mosquito  In  the  forested  areas  of 
the  Providencla  region  was  Haemagogus  caprlcornl  falco.  A total 
of  1425  specimens  of  this  species  were  captured  during  the  platform  studies. 

The  very  high  biting  activity  of  this  species  at  the  Tlroteos  site  compared 
to  the  other  sites  (Tables  IT- 65,  11-66)  raises  several  interesting  questions 
concerning  the  relative  abundance  In  relation  to  forest  physiognomy  and 
floristics.  The  observed  vertical  distribution  of  this  species  (Tables  11-66, 

II- 67) conforms  with  Its  well  established  preference  for  the  canopy.  The 

biting  activity  of  H.  capricorn!  falco  in  the  canopy  was  most  pronounced 

at  the  Tlroteos  and  Providencla  platform  sites  and  was  considerably  less 

well  defined  at  the  Buenos  Aires  II  site,  which  might  be  due  to  the  reduced 

height  of  the  platform  at  this  site.  The  biting  activity  of  H.  caprlcornl 

falco  was  most  intense  from  approximately  1100  to  1500  hours  (Tables  11-65,  11-67/. 

It  is  Interesting  to  note  that  the  mean  hourly  forest  temperature  curve 

(Table K-4)began  to  descend  at  1500  hours.  The  peak  of  biting  activity 

for  all  three  levels  occurred  during  the  catch  period  beginning  at  1200 

hours.  The  seasonal  distribution  of  biting  activity  (Table  11-68)  indicates 

that  the  population  of  this  species  was  lowest  during  the  dry  season  but 

was  not  drastically  reduced.  However  a distinct  dry  season  did  not  occur 

in  1970.  The  population  apparently  peaked  In  May  and  June  and  there  is 

some  Indication  that  it  then  stabilized  at  a reduced  rate  for  the  rest 

of  the  year.  The  low  number  per  period  for  September  is  thought  to  be 

at  least  partially  due  to  the  fact  that  no  collections  were  made  during 


this  month  at  the  Tlroteos  site  while  two  were  made  at  the  Buenos  Aires  II 


Table  II-6STemporal  distribution  of  HaemaRogus  capricornl  falcg  biting  activity  at  different  forest  sites 
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Table  11-66. Vertical  distribution  of  Haemagogus  capricorn!  falco 


at  four  forest  collecting  sites. 


1 

No . Taken 

No. /Period 

% 

1 

' 1 

Buenos  Aires  I 

F ; 

Ground  level 

23 

0.19 

12 

Understory 

58 

0.49 

31 

Canopy 

107 

0.91 

57 

i 

Buenos  Aires  11 

; 1 

Ground  level 

22 

0.17 

19  f 

Understory 

38 

0.30 

33 

s 

Canopy 

56 

0.44 

48 

1 

Providencia 

Ground  level 

2 

0.01 

1 

\ 

Understory 

43 

0.29 

22  " 

1 

Canopy 

148 

1.00 

77 

I \ 

Tiroteos 

Ground  level 

10 

0.06 

1 

Understory 

193 

1.22 

21 

Canopy 

725 

4.59 

78 

[ i 

I ]' 


Table  II-67.Haeinagogus  capricorn!  falco  diurnal  temporal  and  vertical  patterns  of  biting  activity . 
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site.  Conversely,  the  relatively  high  number  per  period  for  October  may 
reflect  the  fact  that  two  collections  were  made  at  the  Tiroteos  site. 

The  forest  platform  studies  indicate  that  Hsemagogus  clarki  (Tables  11-69  to 
11-72)  occurred  at  a comparatively  small  population  level  and  exhibited 
a very  spotty  distribution  in  the  Providencla  region.  A disproportionately 
large  number  of  specimens  were  collected  at  the  Tiroteos  site,  while  very 
few  were  taken  at  either  of  the  Buenos  Aires  sites  (Table H-^g.  The  biting 

« 

activity  of  this  species  was  greatest  from  1000  to  1300  hours  (Table  11-69) . 
Although  the  peak  of  biting  activity  occurs  at  the  same  time  in  the  under- 
story  as  in  the  canopy,  the  period  of  biting  activity  in  the  understory 
was  of  shorter  duration  than  in  the  canopy  (Table  n-7l) . A majority  of 
these  mosquitoes  were  captured  in  the  canopy  but  a considerable  amount 
of  biting  activity  also  occurred  in  the  understory.  The  seasonal  pattern 
’ of  distribution  for  H.  clarki  was  rather  poorly  defined.  (Table ii-72).  The 

two  peaks  in  biting  activity,  June  and  October,  follow  months  which  had 
over  20  inches  of  rain.  The  comparatively  large  difference  between 
September  and  October  may  again  be  due  to  the  fact  that  no  collections 
were  made  in  September  at  the  Tiroteos  site. 

Sabethes  chloropterus  did  not  appear  to  have  a distinct  peak  in  biting 
activity  but  rather  tends  to  have  had  a broad  and  somewhat  uniform  period 
of  maximum  activity  extending  from  0900  to  1700  hours  (Tables  11-73,  11-74). 
However,  in  the  canopy  there  appeared  to  be  a small  peak  in  biting  activity 
from  approximately  1200  to  1500  hours  (Table  11-74) . This  species  showed 
* a strong  preference  for  the  canopy  but  the  percentage  taken  at  this  level 

varies  considerably  between  sites  (Table  n-  7^  chloropterus  was  distinctly 
more  abundant  at  the  Providencla  and  Tiroteos  sites.  This  species  appeared 


Table rt-69.Teoiporal  distribution  of  Haenaagogus  clarkl  biting  activity  at  different  sites 
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Table  11-70.  Vert  leal  distribution  of  Haenagogus  dark!  at  four 
forest  collecting  sites. 


No.  Taken 

No. /Period 

% 

1 ' 

Buenos  Aires  I 

13 

Ground  level 

2 

0.02 

i 

Understory 

5 

0.04 

31 

Canopy 

9 

0.07 

56 

1 ■ 

Buenos  Aires  II 

Ground  level 

3 

0.02 

43 

Dnderstory 

2 

0.01 

29  1 

Canopy 

2 

0.01 

28 

Providencia 

' 

Ground  level 

3 

0.02 

6 

Under story 

19 

0.12 

37 

Canopy 

30 

0.20 

57  ' 

Tiroteos 

Ground  level 

4 

0.03 

3 

■ 

Under story 

60 

0.40 

41 

Canopy 

81 

0.55 

56 

I 


Table  n-7i.  Haemagogus  clarkl  diurnal  temporal  and  vertical  patterns  of  biting  activity. 


<i»^ 

ft)  u 

SO 

OS 

m 

cn 

> 

+ 

ft) 

rH 

4 

CM 

CM 

<w  d 

d f-i 

VI 

CM  O 

vO  ^ 

CM  CM 

a d 

0 

^ • 

00  • 

CM  • 

ui 

H 

O 

o 

^ O 

X 

rv  ^ 

1-4  fO 


11-294 


so  O 

rH  in 


^ ir\ 


CM 

GO 

m 

4J 

-4  O 

CM  O 

<t  O 

O 

d to 

• 

• 

C *0 

o 

o 

o 

d 

00  0 
•H 

(0  u 

ft)  d 

CM 

in 

00 

00 

*o 

^ O 

CO  O 

O 

Mf  O 

• 

• 

• 

i-<  • 

u 

o 

o 

o 

o 

3 • 

0 u 
,c  d 

d 

Os 

•o 

f**. 

ft)  X 

CM  O 

CO  CM 

^ CM 

Os  ^ 

JS 

• 

r-4  • 

CM  • 

4J  ft)  *0 

o 

o 

o 

O 

X ft) 

4J  *d 
to  3 

•3  4J  *-4 

CO 

00 

r*. 

0 3 0 

o o 

CO  CM 

sO  CM 

os  ^ 

•r4  O X 

^ • 

CM  • 

U X ft) 

o 

o 

O 

ft)  00 

0«  3 0) 

O iM 

CM 

in 

CM 

CO 

35  •§ 

1-4  O 

O CO 

00  CO 

OS  CM 

CM  • 

i-l  • 

CO  • 

a* 

d 

o 

o 

o 

ft)  ^ u 

U ft) 

CM  00  O* 
^ d 

in 

Os 

OS 

00 

ft)  >s 

CO  o 

fH  ^ 

r*.  CM 

o <-1  d 

• 

fH  • 

f-4  • 

CO  • 

4J  *3 

o 

o 

o 

o 

d js 
<vM  d 4J 

*3  00 

*3  U 

CO 

OS 

OS 

^4 

ft)  JC  v4 

CM  o 

ps.  CM 

CM 

so  CM 

*3  4J 

ON  CO 

O m 


« c ^ 

> 4>  v4 
« ).< 
hj  ca  «i 

H a< 


u ^ u 

0 4 0) 
u H £ 


> 0>  -H 
4 k> 
>J  4 « 
H n< 


■H 

Si 

•§ 

u • • 

>s 

d*  * • 

•M 

U 

St 

No. 

§ 

6 

o"  d 

SS  2S 

ft)  o o 
*3  2 2 

S 

o o o 
d 2 2 
d 

u 

4 0 0 
u SB  Z 
O 
H 


t'%  « 

T*  x: 

■O  4 H 
4) 

4J  Tt 
4)  Vj  • 
4 4 *4 
C > 4> 

3 -O 

4 .C  3 
U i-t 

•4  T.I  O 

5 ^ 

4 3 4) 
4)  *4  01 

4 O >4 

■>4  .1-1  4 
Vi  Vi 
C 41  60 

sad 

4 

e u 4 
41  4 4 
41  41  r4 

B M-t  *0 
a>  o u 

bCO 

SC  a> 
U 

«H  a c 
u d 0) 

•H  > 
0)  bO  ft) 

e.2  S. 


Table  n-72. Seasonal  distribution  of  Haemagogus  clarkt  biting  collections 


Table  II~73  Temporal  distribution  of  Sabethea  chloropterus  biting  activity  at  different  sites. 


Table  11-75. Vertical  distribution  of  Sabethes  chloropterus 
at  four  forest  collecting  sites. 


No . Taken 

No. /Period 

% 

Buenos  Aires  I 

Ground  level 

6 

0.04 

9 

Understory 

25 

0.18 

36 

Canopy 

39 

0.29 

35 

Buenos  Aires  11 

Ground  level 

2 

0.02 

4 

Understory 

13 

0.10 

27 

Canopy 

34 

0.25 

69 

Providencia 

Ground  level 

1 

0.01 

>1 

Under story 

44 

0.27 

20 

Canopy 

174 

1.06 

79 

Tiroteos 

Ground  level 

6 

0.04 

3 

Understory 

58 

0.37 

29 

Canopy 

134 

0.85 

68 
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to  have  a remarkably  uniform  seasonal  distribution  (Table  11-76  but  whether 
this  would  also  be  true  for  years  with  a distinct  dry  season  is  not  known. 

The  temporal  distribution  of  Sabethes  bellsariol  indicates  that  this 
species  remained  relatively  inactive  until  about  1000  hours  and  had  a 
comparatively  narrow  range  of  maximum  biting  activity  from  approximately 
1200  to  1500  hours  (Tables  11-77,11-7 8). This  species  was  most  abundant  at  the 
Providencia  and  Buenos  Aires  I sites  and  had  a very  pronounced  preference 
for  the  canopy  (Table  11-79) • It  rarely  occurred  near  the  forest  floor. 
The  considerably  greater  number  of  individuals  taken  at  the  Buenos  Aires  1 
site  compared  to  the  Buenos  Aires  II  site  suggests  that  the  upper  platform 
at  the  latter  site  may  not  have  been  sufficiently  high  to  adequately  sample 
this  species.  The  seasonal  distribution  of  biting  activity  (Table  II-8o) 
indicated  that  S.  belisarioi  may  have  had  a distinct  seasonal  fluctuation 
in  population  size.  An  increased  population  level  occurred  from  June 
through  October  and  had  a peak  in  September. 

The  preceeding  mosquitoes  are  all  arboreal  species  which  are  dependent 
upon  the  forest  habitat  for  their  survival  since  their  larval  stages  were 
restricted  to  various  kinds  of  container  habitats  located  in  or  near  the 
canopy.  However,  the  larvae  of  Psorophora  albipes  develop  in  transient 
ground  pools,  and  thus  this  species  was  not  as  directly  dependent  upon 
the  forest  for  survival.  As  one  might  then  expect,  P.  albipes  did  not 
have  the  preference  exhibited  by  the  other  mosquitoes  for  the  canopy  (Tables 
H-Si  Jl-83  .The  vertical  distribution  of  biting  activity  showed  that  there 
is  a slight  preference  for  the  ground  level,  with  a nearly  equal  level  of 
activity  occurring  in  both  the  undorstory  and  the  canopy.  The  preference 
for  the  ground  level  was  most  pronounced  at  the  Buenos  Aires  I and  Tlroteos 


Table II- 76- Seasonal  distribution  of  Sabethes  chloropterus  biting  collections. 


lable  n- 7 7« Temporal  distribution  of  Sabethes  belisarioi  biting  activity  at  different  sites. 
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Table  II-7ft  .Sabethes  bellsarloi  diurnal  temporal  and  vertical  patterns  of  biting  activity. 
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Table  11-79 .Vertical  distribution  of  Sabethes  bellBarioi 
at  four  forest  collecting  sites. 


No.  Taken 


No. /Period 


Buenos  Aires  I 
Ground  level 
Understory 
Canopy 


Buenos  Aires  II 
Ground  level 
Under story 
Canopy 

Providencia 
Ground  level 
Understory 
Canopy 


11-80.  Seasonal  distribution  of  Sabethes  bellsarloi  biting  collections. 


11-305 


Table  11-81.  Vertical  distribution  of  Psorophora  albipea 
at  four  forest  collecting  sites. 


No.  Taken 

No. /Period 

% 

Buenos  Aires  1 

1 

Ground  level 

48 

0.19 

45 

Understory 

28 

0.11 

27  1 

Canopy 

30 

0.12 

28 

Buenos  Aires  11 

1 i 

Ground  level 

138 

1.01 

36 

Understory 

120 

0.88 

31  j 

Canopy 

129 

0.95 

33 

Provldencia 

Ground  level 

32 

0.12 

36 

Understory 

26 

0.10 

30 

Canopy 

30 

0.11 

34 

Tiroteos 

k 

T 

Ground  level 

111 

0.44 

44 

Understory 

87 

0.34 

34  i 

Canopy 

57 

0.22 

22 

I'  iqi 
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Table  n-62.  Psorophorus  alblpea  temporal  and  vertical  patterns  of  biting  activity. 

Number  taken/Number  per  period 


Period  . 

•ff 

beginning 

Periods/ 

Level 

Ground 

Level 

Onderstory 

Level 

Canopy 

Level 

Total 

01 

22 

0/0 

0/0 

0/0 

0/0 

02 

23 

0/0 

1/0.04 

0/0 

1/0.01 

03 

21 

1/0.05 

1/0.05 

1/0.05 

3/0.05 

04 

22 

1/0.04 

1/0.04 

1/0.04 

3/0.04 

05 

26 

2/0.10 

1/0.05 

1/0.05 

4/0.07 

06  sunrise 

— 

-/- 

-/- 

-/- 

-/- 

07 

52 

45/0.86 

20/0.38 

20/0.38 

85/0.45 

08 

56 

24/0.43 

21/0.38 

25/0.45 

70/0.42 

09 

58 

25/0.43 

16/0.28 

13/0.22 

54/0.31 

10 

58 

27/0.46 

22/0.38 

23/0.40 

72/0.41 

11 

58 

28/0.48 

26/0.45 

23/0.40 

77/0.44 

12 

57 

17/0.31 

28/0.49 

21/0.37 

66/0.39 

13 

57 

28/0.49 

34/0.60 

21/0.37 

83/0.48 

14 

57 

45/0.79 

29/0.51 

27/0.47 

101/0.59 

15 

57 

47/0.82 

42/0.74 

29/0.51 

118/0.69 

16 

50 

19/0.38 

12/0.24 

18/0.36 

49/0.33 

17 

34 

16/0.47 

6/0.18 

15/0.44 

37/0.36 

18  sunset 

33 

3/0.09 

0/0 

4/0.12 

7/0.07 

19 

30 

1/0.03 

1/0.03 

1/0.03 

3/0.03 

20 

32 

0/0 

0/0 

0/0 

0/0 

21 

32 

0/0 

0/0 

1/0.03 

1/0.01 

22 

30 

0/0 

0/0 

0/0 

0/0 

23 

29 

0/0 

0/0 

1/0.03 

1/0.01 

24 

27 

0/0 

0/0 

1/0.04 

1/0.01 

Total  (X) 

329/0.36 

(39)  261/0.28  (31) 

246/0.27  (30) 

The  time  between  sunrise  and  sunset  Is  divided  Into  12  equal  periods  and  the  time 
between  sunset  and  sunrise  Is  divided  Into  12  equal  periods.  The  hour  designations 
approximate  the  beginning  of  each  period  which  varies  with  day  length  throughout  the 
year.  Periods  with  heavy  rain  which  prevented  collecting  are  excluded.  Catch  period 
beginning  06  was  not  studied. 
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sices  (Table  11-81 ).  P.  alblpes  was  primarily  diurnal  with  only  an  occassional 
individual  biting  during  the  night.  There  appeared  to  be  a small  peak 
in  biting  activity  from  approximately  1400  to  1600  hours  (TableII-62).  Temporal 
fluctuations  in  biting  activity  were  greatest  at  the  ground  level  with  a 
peak  during  0700  hours  and  another  peak  from  1400  to  1600  hours.  This 
species  appeared  to  be  most  abundant  at  the  Buenos  Aires  II  (Table  II-83) 
site  but  this  was  at  least  partially  due  to  an  unusually  large  collection 
of  264  specimens  on  April  1,  1971.  The  relatively  low  number  per  period, 
for  most  of  Che  months  in  the  seasonal  distribution,  reflects  the  Inclusion 
of  Che  night  periods  with  their  very  small  number  of  individuals.  P. 
alblpes  did  not  seem  Co  have  a distinct  pattern  of  seasonal  distribution 
(Table  n-84) that  can  be  related  to  Che  local  rainfall  which  tends  Co  suggest 
that  this  species  may  have  been  developing  at  a considerable  distance 
away  from  the  Provldencia  region.  However,  it  should  be  noted  that  the 
very  high  population  level  that  occurred  in  early  April  could  have  been 
related  to  the  abnormally  high  March  rainfall. 

A summary  of  the  mosquitoes  submitted  for  virus  isolation  is  given  in 
Table  II-9J. 


r 


t : 

1 1 


T«blen-8 3.  Temporal  distribution  of  Psorophora  albtpes  biting  activity  at  different  forest  sitec. 
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Table  11-84 .Seasonal  distribution  of  Psorophora  albipes  biting  activity. 
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STUDIES  IN  LOWLAND  AREAS 


Previous  studies  of  hematophagous  Diptera  in  the  Providencia  study 
area  indicated  that  while  mosquitoes  species  were  numerous,  relative  numbers 
of  Culicidae  in  primary  and  secondary  forests  as  well  as  clearings  were 
very  low.  Consequently,  an  area  forty  miles  distant,  which  had  experienced 
considerably  greater  ecological  disturbance,  was  selected  as  a site  for 
additional  entomological  studies.  The  Caucasia  site  proved  to  be  an  area 
of  mosquito  abundance.  The  objectives  of  the  Caucasia  study  were  to  deter- 
mine which  species  were  most  abundant  in  this  agro-ecosystem  and  to  ascertain 
differences  between  wet  and  dry  seasons.  Mosquitoes  were  collected  and 
shipped  to  the  virus  laboratory  in  Medellin  and  were  processed  there  for 
virus  isolation. 

The  Caucasia  area  is  low  and  hilly.  Most  of  the  region  has  been 
cleared  and  only  small  scattered  forested  areas  remain.  These  forests 
range  in  size  from  10  to  50  hectares  and  exist  where  further  clearing  would 
not  be  economical,  as  along  streams  or  in  low  lying  areas  which  are  inun- 
dated throughout  much  of  the  year.  A few  upland  forests  remain  on  some 
of  the  larger  cattle  ranches  and  are  preserved  as  a source  of  timber  and 
fence  posts. 

Originally  four  haciendas  were  selected  for  study  and  collecting 
(Fig.  11-32)  began  in  December,  1971.  Selection  of  these  study  areas  was 
based  on  a preliminary  survey.  The  greatest  variation  in  habitats  and 
species  existed  at  Haciendas  Barro,  Buenos  Aires,  California,  and  Cuba. 
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Figure  11-32.  Insect  collecting  sites  in  the  Caucasia, 
Antioquia,  area. 
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j : . Hacienda  California,  which  also  served  as  the  field  laboratory,  was 

[ ‘ 

[ located  11.4  kilometers  northwest  of  Caucasia  in  the  Department  of  Cordoba. 

i ' 

I j This  hacienda  differed  from  the  other  three  by  not  having  any  major  rivers 

; V 

! ) in  the  immediate  area.  It  also  differed  in  being  classified  as  mainly 

I 

high  pasture.  Although,  several  low  lying  areas  were  present,  these  were 

I completely  dry  during  the  hot,  dry  season.  There  were  several  large  artifi- 

! ; 

1 cial  ponds  which  served  as  water  sources,  and  were  possible  breeding  places 

I for  Culex  (Melanoconlon  spp.).  These  ponds  experienced  a significant  reduction 

i in  the  water  volume  during  the  1972-1973  dry  season  (December  through  March). 

During  this  drought  several  small  streams,  which  during  the  previous  dry 
season  contained  water  pools,  were  completely  dry. 

* At  California,  initially  two  light  trap  and  aspiration  sites  were 

' selected.  One  site  was  located  one  hundred  meters  west  of  the  ranch  build- 

1 

ings.  This  site  was  located  in  a mango  grove  consisting  of  twelve  trees. 

I m 

Although  these  trees  provided  some  cover  for  resting  mosquitoes,  the  area 
j was  heavily  grazed  and  during  the  dry  season  little  ground  cover  existed. 

Two  small  ponds  lie  about  twenty-five  meters  north  of  the  mango  grove  and 
could  have  provided  breeding  places  for  Culex,  Psorophora  and  Aedes . The 
second  site  was  located  in  the  only  wooded  area  on  the  hacienda.  This  wooded 
i area  was  located  on  high  ground  with  low  areas  to  the  west  and  south.  The 

' forest  consisted  of  approximately  twenty  hectares.  Some  of  the  trees  reached 

} twenty  meters  in  height.  Light  trap  and  aspirated  collections  were  taken 

twenty  meters  into  this  forest.  Aspirations  were  also  taken  along  a road  lead- 
ing into  the  center  of  the  area.  Since  no  initial  differences  were  noted  in 


i 
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the  light  trap  collections  obtained  here  from  those  in  the  wooded  sites 
on  the  other  haciendas,  light  trapping  was  discontinued  here  due  to 
the  difficulty  in  transporting  traps  with  the  onset  of  the  rainy  season. 

Hacienda  Cuba  was  also  located  in  the  Department  of  Cordoba.  It 
was  11.2  kilometers  by  road  from  the  field  lab.  Located  along  the  Son  Jorge 
River,  the  area  was  mainly  low  pasture  with  many  ponds  and  inundated  areas. 
During  the  dry  season  (December-March) , one  large  area  remained  inundated. 
Initially  only  one  site  was  selected  for  light  and  aspiration  collections. 
This  site  was  located  in  an  orange,  pineapple  and  mango  grove  twenty-five 
meters  south  of  the  worker’s  quarters.  This  grove  was  bounded  by  the  San 
Jorge  River  lOOm  to  the  west,  and  a small  pond  10m  to  the  east.  During 
* December  some  of  the  depressions  within  this  grove  had  standing  water. 

Further  examination  of  the  area  resulted  in  the  addition  of  another  sampling 
site  in  May.  This  site  was  located  along  the  road  leading  into  the  hacienda. 
It  was  a low  lying  inundated  area  of  brush  (3-4  meters  high)  located  in  open 
j I pasture.  Although  the  collections  here  were  small,  a species  of  Culex 

(Melanoconion)  was  present  that  was  not  collected  at  any  of  the  other  sites. 

During  June  of  1972,  one  of  the  major  collecting  ateas  of  hacienda  Cuba 
was  physically  disturbed.  The  pineapple  plants  underneath  the  large  mango 
trees  near  the  river  were  removed  as  were  several  of  the  orange  trees.  At 
this  time,  construction  of  a new  ranch  house  was  begun  at  the  former  location 
of  the  worker's  quarters.  This  construction  continued  through  the  end  of  the 
study  in  March,  1973. 

• * Hacienda  Barro  (Department  of  Antioqula)  was  located  12  kilometers 

( 

j ^ south  of  Caucasia  on  the  Cauca  River.  This  hacienda  had  more  varied  habitats 
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than  any  of  the  other  ranches  studied.  Three  sampling  sites  were  selected. 

One  site  was  located  just  north  of  the  main  ranch  house  (approximately 
A5  meters)  next  to  a permanent  pond  of  about  1/8  hectare  The  Cauca  River 
was  about  eighty  meters  to  the  east.  This  site  had  good  ground  cover  of  uncut 
grass  and  was  shaded  by  several  trees.  There  were  also  several  pineapple 
plants,  which  may  have  provided  breeding  sites  for  Wyeomla  spp.  The  second 
site  was  located  approximately  3/4  kilometers  south  of  the  buildings.  It 
was  located  along  a wooded  stream  about  one  hundred  and  fifty  meters  from 
the  Cauca  River.  Although  most  of  the  cover  was  under  three  meters  in  height, 
several  large  trees  (15-20  meters)  were  present.  To  the  east  between  the 
stream  and  the  Cauca  River  was  a broad  flat  expanse  of  low  open  pasture. 
Examination  of  this  area  revealed  many  small  depressions  and  hoof  prints 
which  could  have  served  as  breeding  areas  for  mosquitoes  during  the  rainy 
season.  The  third  and  last  site  was  located  west  of  the  buildings  approxi- 
mately six  hundred  meters  west  of  the  main  highway.  This  location  was  just 
into  the  interior  of  a forty  hectare  stand  of  forest.  A small  stream  was 
located  fifty  meters  to  the  west  of  the  sampling  site.  This  stream,  during 
the  dry  season,  had  water  only  in  the  areas  where  there  had  been  large  deep 
pools. 

In  addition  to  the  light  trap  and  aspiration  collections,  in  1972-73 
stable  traps  were  used  at  the  edge  of  the  large  secondary  forest  at  the 
hacienda.  This  trap  was  baited  with  a burro  in  the  morning  and  the  animal 
was  removed  the  following  morning.  Insects  which  had  entered  the  side 
baffles  of  the  trap  were  aspirated  from  the  inside  and  handled  similarly 
to  those  collected  by  other  methods. 
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Hacienda  Buenos  Aires  was  located  on  the  Man  River  approximately  | 

14  kilometers  northwest  of  Guarumo.  Entrance  into  this  collecting  area 
was  restricted  by  the  poor  condition  of  the  road  during  the  rainy  season. 

Two  light  sampling  and  three  aspirator  sites  were  maintained.  One  light 
trap  and  aspirator  site  was  located  1.5  kilometers  east  of  the  buildings  in 
a fifty  (approximately)  hectare  patch  of  forest.  This  site  was  on  high  ground. 

Two  ponds  were  located  in  open  pasture  approximately  three  hundred  meters  1 

i 

southeast  of  the  sampling  site.  A deeply  rutted  tractoi.  trail  ran  through 
the  wooded  area  and,  after  a rain,  served  as  a mosquito  breeding  place. 

Reaching  this  site  after  a rain  presented  some  problems.  It  was  possible  to 
drive  within  three  kilometers  when  the  road  was  dry,  but  when  wet,  passage 

I 

r 

was  on  foot  or  horse  back.  A second  light  and  aspirator  site  was  located 
along  a wooded  stream  in  open  pasture.  Although  many  depressions  and  hoof 
prints  were  present,  the  rains  were  sufficient  to  maintain  them  as  breeding 
sites.  This  second  site  was  approximately  4.5  kilometers  from  the  buildings 
and  9.5  kilometers  from  the  entrance  point  at  Guarumo.  A third  aspiration 
site  was  selected  west  of  the  river.  Collections  here  were  made  only  when 
the  weather  permitted  entrance  to  the  main  ranch  by  truck.  This  site 
was  located  2 kilometers  north  of  the  buildings  in  a forested  area  surrounded 
by  low,  wet  pasture. 

In  addition  to  the  collecting  sites  on  the  four  ranches,  two  new  sites 
were  added  in  December,  1972.  Light  trapping  was  done  beginning  in  October, 

1972,  at  a site  called  the  Fisherman's  Hut.  This  site  was  located  5.2  kilo- 
meters south  of  Caucasia,  west  of  the  highway  approximately  1/2  kilometer  j 

south  of  the  Man  River.  The  Cauca  River  lay  approximately  1/2  kilometer  i 
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to  the  east.  This  area  was  marshy  in  the  lowlands  with  brushy  areas 
and  scattered  trees  in  the  uplands.  The  area  was  susceptible  to  flooding 
during  extremely  high  waters. 

The  second  new  s^uIlpling  site  was  at  Hacienda  Cujada.  Collecting  was 
begun  on  the  12th  of  July,  1972.  Cujada  was  located  12.5  kilometers  north- 
west of  Hacienda  California.  A collecting  site  was  selected  in  the  open 
approximately  3.4  kilometers  east  of  the  ranch  buildings  and  1 kilometer 
west  of  the  main  road.  This  site  was  located  on  the  north  corner  of  a lake 
of  approximately  90  hectares.  Open,  brushy  pasture  lay  to  the  north  and 
west  of  the  pond  and  brushy  areas  to  south  and  east . A forested  area  lay 
approximately  200  meters  to  the  south.  Part  of  the  brushy  area  was  cleared 
and  burned  in  December  of  1972.  A second  collecting  site  was  located  1/2 
kilometer  west  of  the  lake,  midway  along  the  forested  area.  The  forest 
was  secondary  with  trees  ranging  between  4 and  10  meters  in  height,  most 
being  less  than  6 meters . Although  some  undergrowth  was  present , the  area 
I had  been  grazed  and  relatively  little  ground  cover  remained. 
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Methods  * 

li 

A variety  of  collecting  methods  were  used  throughout  the  study  in  ' 

an  attempt  to  avoid  technique-induced  bias.  Collecting  was  done  in  distinct 
habitats  including  forested  areas,  brushy  areas,  open  pasture,  and  open 
areas  with  little  cover. 

I i 

Insects  were  mainly  captured  by  aspiration  and  with  light  traps.  In-  j 

sects  attracted  to,  and  usually  alighting  upon,  the  collectors  were  captured 
with  a simple  mouth  aspirator,  and  then  gently  blown  into  cages  made  from 

I ' 

pint  or  quart  ice  cream  cartons.  Standard  CDC  light  traps  were  also  used.  ' 

These  traps  were  powered  by  6 volt  automobile  or  motorcycle  batteries. 

These  traps  were  modified  in  that  the  cloth  mesh  bags  into  which  the  Insects 

are  normally  blown  and  retained  were  replaced  with  modified  quart  ice  cream  '' 

cartons  with  small  screened  windows.  Excelsior  was  placed  into  the  cartons. 

Burro-baited  Magoon  stable  traps^  were  used  for  the  last  year  of  the  ' 

I 

study.  Insects  were  aspirated  from  the  inside  of  the  trap  and  transported 
to  the  field  laboratory  in  ice  cream  carton  cages.  A gasoline-powered 
D-Vac  mechanical  aspirator  was  also  periodically  used  to  sweep  insects 
resting  in  low  vegetation. 

Problems  were  encountered  in  the  transportation  of  insects  from  the 
collecting  sites  to  the  field  lab  at  Hacienda  California.  Loss  of  insects 
due  to  dessicatlon  was  the  greatest  in  the  transportation  of  light  trap 
collections  from  Hacienda  Buenos  Aires.  These  losses  occurred  because 
of  the  amount  of  time  needed  in  returning  from  the  collecting  sites.  Under 
ideal  conditions  forty  minutes  was  needed  in  traveling  from  the  collecting 

I 

sites  to  the  field  lab  where  identification  and  sorting  into  pools  took  place. 

The  travel  time  required,  high  temperatures  and  movement  over  rough  roads  often  j 
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resulted  in  total  loss.  Similar  problems  were  experienced  ir.  the  transpor- 
tation and  holding  of  blood-engorged  mosquitoes  collected  by  aspiration. 

The  problem  of  transpoi tation  of  both  the  light  trap  and  aspirated  collec- 
tions was  eventually  solved  by  placing  them  in  a styrofoam  cooler  containing 
a small  amount  of  ice.  The  aspirated  collections  were  transferred  to  round 
gallon  ice  cream  containers  with  moistened  tissue  paper  in  the  bottom  and 
screen  tops  as  added  precautions.  The  paper  served  as  a source  of  water  and 
humidity,  further  reducing  the  problem  of  dessication. 

In  the  case  of  blood-engorged  specimens,  which  had  to  be  held  for 
24-36  hours  before  being  sorted  into  pools,  mortality  was  further  reduced 
by  placing  another  piece  of  moistened  tissue  paper  on  the  surface  of  the 
container.  This  tissue  once  again  served  as  a source  of  water  which 
enabled  the  mosquitoes  to  maintain  a water  balance  and  reduced  losses 
which  had  been  encountered  when  the  tissue  paper  in  the  bottom  had  dried 
up.  The  tissue  paper  had  to  be  remoistened  every  eight  hours. 

In  the  field  laboratory,  insects  were  anesthetized  with  CO^  or  chloroform 
and  sorted  by  species,  day  of  capture  and  location.  Individuals  for  which 
classification  was  not  certain  were  saved  for  later  identification.  Pools 
of  up  to  100  mosquitoes,  phlebotomlnes  and  slmulids  and  up  to  five  tabanids 
were  frozen  on  dry  ice,  and  shipped  to  the  base  laboratories  for  virus  iso- 
lation attempts. 
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RESULTS 

The  Caucasia  area  proved  to  be  very  rich  in  mosquito  fauna.  In  all, 
51,683  mosquitos  representing  34  species  were  collected.  The  actual 
number  of  species  Is  expected  to  be  higher  since  some  of  the  species  are  so 
closely  related  as  to  be  nearly  indlstlnguishaole.  Ceratopogonids,  phlebot- 
omines  and  tabanids  were  also  collected.  The  Caucasia  area,  however,  was  much 
more  Impoverished  with  respect  to  these  later  groups  than  was  the  Providencia 
area. 

The  number  of  hematophagous  Insects  collected  In  the  Caucasia  area 
appeared  to  have  been  related  to  rainfall  (Fig.  11-25).  Abundant  rainfall 
occurred  from  March  through  October.  Both  light  trap  and  aspiration  catches 
of  insects  were  high  during  this  period,  but  declined  to  low  values  during 
the  November-March  dry  season  (Table  11-86) • 

Some  trends  were  observed  throughout  the  current  study.  Some  species 
showed  distinct  preferences,  but  absence  or  presence  in  any  of  these  habi- 
tats was  biased  by  the  capture  method  used  and  the  climatic  conditions  in 
the  area  as  well  as  the  habit  of  the  species.  Some  species  showed  a distinct 
preference  for  forested  habitats.  Aedes  scapularis,  A.  serratus,  a 
light  brown  Culex  species,  a dark  species  of  Culex  (Melanoconion) , 

Psorophora  albipes,  and  P.  ferox  showed  distinct  preferences  for  the  forest 
habitat.  Aedeomyia  squamlpenna,  a Culex  with  black  spots  and  an  undetermined 
Wyeomia  species  were  principally  found  in  the  brushy  areas.  Anapheles 
triannulatus,  Aedes  crinlfer,  a tan  species  of  Culex  (Melanoconion) , 

Mansonia  nigricans,  M.  titillans,  Psorphora  cingulata,  and  confinnls  were 
the  species  collected  principally  in  the  open  areas. 


Figure  II-33 . Light  trap  and  aspiration  collection  of 

hematophagous  insects  (lines)  vs  rainfall 
(bars)  in  the  Caucasia  area. 
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Certain  collecting  methods  were  apparently  much  more  effective  with  some 
species  than  were  other  techniques  (Table  11-87).  Most  of  the  Anopheles 
the  majority  of  the  Culex  species,  as  well  as  most  of  the  Mansonia 
and  some  of  the  Psorphora  species  were  collected  frequently  in  light 
traps  but  seldom  in  human  biting  collections.  On  the  other  hand,  many 
Aedes,  Psorophora  albipes,  ferox,  and  Wyeomia  species  were  collected 
as  they  attempted  to  b ite  man.  Most  of  the  tabanids  were  captured  in  biting 
collections  as  well.  The  ceratopogonlds  and  phlebotomines  were  exclusively 
collected  in  light  traps.  The  relative  frequency  of  appearance  of  various 
species  in  light  trap  and  biting  collections  was  evaluated  in  the  three 
habitats  Tables  11-88  and  11-89.  There  was  great  variation  in  the  number 
of  Individuals  per  collection  in  the  three  habitats  ranging  from  0.01 
individuals  per  collection  to  a high  of  47.7  per  collection  for  the  dark 
species  of  Culex  (Melanoconion) . Ceratopogonlds  were  infrequent  at  only 
1.45  individuals  per  collection.  The  phlebotomines  were  somewhat  more 
abundant,  7.96  individuals  having  been  captured  per  collection  only  every 
30-100  collections. 

Twelve  mosquito  species  and  3 tabanid  species  were  collected  in  the 
burro  -baited  stable  trap  in  the  Barro  forest  (Table  11-90).  Of  these, 

Psorophora  albipes  and  Mansonia  titillans  comprised  47%  and  29%  of  the  catch. 

Interesting,  both  species  have  been  implicated  as  vectors  of  Venezuelan 
equine  encephalitis,  a virus  which  appears  to  be  enzootic  in  the  Caucasia 
area  (see  Part  I of  this  report). 

There  were  some  striking  differences  in  forest  collections  done  at  the 
various  sites  (Tables  11-91  and  11-92).  Barro  had  both  the  greatest  number  as  well 
well  as  the  greatest  variety  of  mosquitoes  collected  of  any  of  the  ranches 


( lected  at  California  in  the  forest,  but  this  was  greatly  influenced  by  the  ter- 

mination of  collecting  in  the  forest  during  the  rainy  season,  when  travel  became 
considerably  more  difficult.  A relatively  large  number  of  mosquitoes  was 
collected  at  Cujada  despite  the  fact  that  the  area  was  sampled  a shorter 
time  than  were  the  others.  This  may  have  been  due,  in  part,  to  the  close 
proximity  of  the  light  trap  to  the  lake,  a good  mosquito  breeding  area. 

. Cujada  was  a particularly  good  place  for  collection  of  Mansonia  spp.  Biting 

collections  in  the  forest  paralleled  the  light  trap  collections,  with  some- 
what more  mosquitoes  having  been  collected  at  Barro  than  in  the  other  three 
areas.  Buenos  Aires  was  nearly  equal  to  Barro,  however,  with  California  and 
Cujada  being  considerably  less.  Only  about  half  the  number  of  insects  was 
taken  by  biting  collection  as  was  taken  in  light  traps.  It  should  be  remem- 
bered, however,  that  biting  collections  were  only  done  over  a short  period  of 
• time  (45-60  minutes)  at  midday  and  in  late  afternoon  or  early  evening, 

whereas  light  trap  collections  ran  for  a period  of  12  to  13  hours. 

! The  Barro  collecting  site  was  also  rewarding  for  mosquito  collections  in 

^ brushy  areas  (Tables  II-93&94).  There  were  over  four  times  the  number  of 


biting Diptera  collected  there  than  in  the  other  two  areas  together.  The 
Barro  area  was  also  richer  in  phlebotomines  and  in  tabanids.  The  biting 
collections  in  the  brushy  areas  also  paralleled  those  of  the  light  traps 
in  the  same  areas  in  terms  of  relative  successfulness  by  site.  With  the 
exception  of  Cuba,  nearly  10  times  more  insects  were  collected  by  light 
trap  than  were  collected  by  aspiration,  suggesting  that  the  bulk  of  the 
mosquitoes  coming  into  the  brushy  areas  were  active  later  at  night. 
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The  open  grassy  areas  of  five  different  sites  were  collected  during  the 
present  report  period  (Tables  11-95  and  11-96  )•  The  Cujada  area  had  the 
greatest  abundance  of  open  area  mosquitoes,  having  over  twice  the  number  of 
mosquitoes  collected  than  in  all  other  areas  together.  There  were  273 
biting  insects  per  collection  at  Cujada  as  opposed  to  47  at  the  Fisherman's 
Hut,  32  in  Cuba,  24  in  Barro  and  only  17  in  California.  More  ceratopogonids 
were  also  collected  in  Cujada  than  in  the  other  areas.  Phlebotomines  were 
relatively  scarce  in  the  open  as  were  tabanids.  Interestingly,  this  same 
parallel  of  greatest  light  trap  success  was  observed  in  open  areas  as  well. 

Our  light  traps  were  almost  twice  as  successful  as  were  aspiration  collec- 
tions. One  noteworthy  exception  was  Barro,  where  nearly  twice  the  number  of 
insects  were  collected  by  aspiration  than  by  light  trap. 

Another  striking  difference  was  the  relative  numbers  of  individuals 
per  collection  by  site.  In  the  biting  collection,  greatest  success  was  ex- 
perienced at  Cuba,  largely  due  to  the  large  number  of  Aedes  crinifer  collected 
there  in  contrast  to  the  light  trap  collections.  Relatively  few  individuals 
were  collected  by  biting  collection  at  Cujada. 

Work  on  the  taxonomy  of  hematophagous  Diptera  from  Caucasia  continues  in 
the  home  laboratory.  The  phlebotomines  (Table  11-102)  and  tabanids  (Table  11-103) 
have  recently  been  classified.  The  Culex  species  of  the  area  present  parti- 
cularly difficult  taxonomic  problems,  especially  in  the  absence  of  good 
collections  of  larvae  and  of  males.  The  tentative  identifications  are 
given  in  Table  11-104.  Interestingly,  six  species  of  Culex  (Melanonoconion) 
new  to  Colombia  were  collected.  This  subgenus  is  important  as  the  principal 
vector  of  sylvan  Venezuelan  equine  encephalitis  virus  in  various  parts  of 


the  Americas. 


TABLE  H-86.  (Continued) 


TABLE  11“  86  (continued) 


TABLE  II-  86  (continued) 


Table  I1-87-  Hematophagous  Dlptera  collected  in  light  traps  and  while  alighting 

on  or  biting  man  in  three  habitat  types  in  Caucasia 
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Table  11-89.  Hematophagous  Dlptera  collected  while'  allghtlng'on  or  biting  man  in  three  habitat  types 

in  Caucasia,  November  1971  through  March,  1972 
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Table  II-9o-  Burro-baited  stable  trap  collections  at  forest  sites,  Hacianda  Burro,  Sept.  1972-March,  1973 


Table  11-91  Hemacophagous  Dlptera  collected  in  light  traps  placed 
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Table  11-92  • Hematophagc-us  Dlptera  collected  while  alighting  on 
or  biting  man  In  forested  areas  on  four  ranches 
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Table  11-9  3.  HemaCophagous  Dlptera  collected  by  light  traps 
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Table  11-97 


11-347 


PhleboComlne  sand  flies  collected  in  the  Caucasia  region* 

Lutzomyia  camposl  (Rodriguez)  1952 

L.  carpenteri  (Fchld.  and  Hertlg)  1953 

L.  cayennensis  cayennensis  (Floch  and  Abonnenc)  19 »1 

L.  gomezi  (Nltz)  1931 

L.  nordestina  (Mang.)  1942 

L.  olmeca-bicolor  Fchld.  and  Theodor  1971 

L.  panamensis  (Shannon)  1926 

L.  shannonl  (Dyar)  1929 

L.  trapidoi  (Fchld.  and  Hertig)  1953 

L.  trlnidadensis  (Newstead)  1922 

L.  triramula  (Fchld.  and  Hertlg)  1953 

L.  yuilli  Young  and  Porter  1972 


1. 


I 


*Determinations  made  by  David  G.  Young,  Department  of  Entomology,  University  of  Florida 


Table  11-98 

Tabanldae  collected  In  the  Caucasia  region 


11-348 


Chrysops  varians  Wiedemann  1828  var.  tardus  Wiedemann  1828 
Chrysops  variegatus  (DeGeer)  1776 

Chrysops  variegatus  (DeGeer)  1776  var.  venezuelensls  Krober  1925 
Dlachlorus  curvipes  (Fabrlclus)  1805 

Dichelacera  (Dlchelacera)  scapularls  Macquart  1847  var.  aquilus  Fairchild 

Leucotabanus  exaestuans  (Linnaeus)  1758 

Leplselaga  crassipes  (Fabrlclus)  1805 

Tabanus  claripennls  (Bigot)  1892 

Tabanus  lutzl  Krober  1934 

Tabanus  nebulosus  DeGeer  1776 

Tabanus  ollvaceiventris  Macquart  1847 

Tabanus  pungens  Wiedemann  1.828 

Tabanus  dorslger  Wledmann  1821  var.  dorsovittatus  Macquart  1855 


11-349 


Table  11-98 

Preliminary  list  of  the  species  of  Culex  occurring  in  the  Caucasia  region 


Culex  (Melanoconion ) 


aikenii  (Aiken  ),  1906 

sp.  close  to  albinensis,  Bonne-Wepster  and  Bonne, 1919(1920 ) 

bastagarius  Dyar  and  Knab,  1906 

chrysonotum  Dyar  and  Knab,  1908 

conspirator  Dyar  and  Knab,  1906 

dunni  Dyar,  1918 

educator  Dyar  and  Knab,  1906 

egcymon  Dyar,  1923 

elephas  Komp,  1936 

elevator  Dyar  and  Knab,  1906 

epanastasis  Dyar,  1922 

intrincatus?  Brethes,  1916 

Oedipus  Root,  1927 

serratimarge  Root,  1927 

taeniopus  Dyar  and  Knab,  1907 

tecmarsis  Dyar,  1918 

thomasl?  Evans,  1924 


C.  (Mochlostyrax ) 


hesitator 


Dyar  and  Knab,  1907 


C.  (Eubonnea  ) 


C.  (Culex) 


amazonensis  (Lutz ),  1905 


corniger  group 

declarator  Dyar  and  Knab,  1906 

mollis  Dyar  and  Knab,  1906 

nigripalpus  Theobald,  1901 

usquatis8imus,Dyar,  1922 
usquatus?  Dyar,  1918 


The  generosity  of  Dr.  Ratfl  Londono  in  sharing  his  ranch,  our  base 
for  field  operations,  is  acknowledged.  The  late  Mr.  Lutz  Bayer  made 
the  entomological  reconnaissance  of  the  area  and  selected  many  of  the 
study  sites.  Charles  Porter  assisted  with  the  identification  of  insects 
of  the  area.  Norman  Peterson  and  Fabio  Nelson  Zuluaga  (with  the  aid 
of  the  administration  of  the  Veterinary  Faculty,  Universidad  de  Antioquia) 
I provided  logistical  support. 

, I 

• t 

\ 

I ■ 

i 

' »_ 

I 


